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1. Introduation 

Wans~osftion of the Ds locus le a relatively frequent 

phenomenon, Xn the report on the origin md befiavior of the a-ml 

~QCUB, it was shown that a-ml arose from a normal C locus 8s the 

amsequence of' a transposition QP 8 Ds locus from its standard 

loarst3.m in chrozo8ome 8 to a position cloaa to or withZn the C 

loou8. Tha greaanae of the tramposed Da locus did not produca 

any alteration in the appear&me of’ the chromosom in the re:';lon 

where it had been inarerted, nor did Its ?rssenoe uause any reduc- 

tfon in urossfng-over between C and Sh, In this new location, De 

respond& to Aa in exactly the mme way that it responda to AC 

when in ito standard Iouation, The relation of this remonse to 
the groduotion of visible nzuiWj.ons of o-ml to C was dfsauosed In 

the earlieer report. The study of u-&l mutational pilenmsna 

suggested that the &a-controlled mut~b3.e l~ai arikso bemuses of 

transpositions of the Ds loaus~ Since those transpoait~ons ure 
relatively frequent, ft -my readily be understood why so mmy new 

Ac-oontrolled mutable 13~1 rare arising in t‘rza TM, Rc plants md 

why praviously stable 'Wld-type" loci "sud&mly" blBcome unstable 

and ~mt~ble . 

%UENEBB trsnsgosftiom of Da ase reLatsd to the origin of 
mtable loci, It is 07 ~rirme importance to Gctcrmin~: the mechanism 

responaiblc for this transposition. Raw do('rs it ocaur wad why 
does ft o~aur with suoh relatively hi@ irequenc~es? An extensive 

ana1ylsI.E of’ one ease of trnnsposZtioa of sic Imra indfmt2;d the 



probable meclhanifm that brings about thfa tranagosition, The 

motlgrsis ~llso (suggeets ths reason wpJsLj f these trnns~oslffons are 

80 frequent. This case of tranaqosit2on of I)s vuill be consldersd 

in detail in thle; regort. 

The first reaognize8 ease of transmaition of Ds arose in the 

or088 of a plant (4IOSG1) hav!ng the constitution witz I Sh 32 Jx I3s 

in one noma chrornos6mits 9 and Jd C! sh bz wx ds fn a normal homologous 

chromosome 9, This plant was haterozygous for Xc fAe EL& "he 
tynea of? kernels resultin& from the cx"os8 of this plant to Q fsm%le 

plant mrryl.ng C sh bz wx de act are given in tab1e 1. (The zale 

parent plant (4lCXU&l] arose Prom an 1. - :: bz, 3h - sh, #r'x-wx kernel 

on an em coming from the CFOW of a C sh bz wx ds ac P‘emnle p.Imt 

by an AC ac male pltlnt having, two norm1 c~romosomse !2 with 

Jd C ;;h Ba ,4x Ds and wd I dh 2% ;l’r da, resgectivaly. The kernel 

from which plant 4108C-1 arose was saleatetd bec:~use ii- had received 

an I Sh Bz Nx Ds (3hromosomc). The Ds locus was dntroducod into this 

ahromosome! as a conseqtneno~ of’ oroasing-over fn the heterozpgus 

mle psrent.) As table 1 I~OWB, with the erxception or tvao aberrant 

ksrnels, the types of kermls and the rntios obtained are thoese 

expected on the basis of the above g.I.ven constitution of this plant. 

ai'han this plant was crosmd to a c sh 3z wx ds ac female plant, 

the types of' kernelas ag7r)earix-g on th@ em me those gj.oen fn taFtlts 2. 

The; ratios of the various typas of kernals obtained is this cram 

likslwiae agree with the givtsn gmic constitution of’ the male parent 

plant (4l@3S-1; see su?plermnt to table 2). In both crosses, 

the varfegation in those kernels having both Ds and AC ir, of the 



Table 1 

C sh bz wx da 

k;ernel type Nwzber 0r kernel8 

X-C bz, Yh", Wx-wx 

I 8h silx 

C oh brr wx 

1 sh wx 
c Bz-C bz,Sh,Wx-wx 

C Sh Bz iix 

f Sh wx 

c sh brs kc 

f-0 Be-C bz, lh, Wx*wx --- .--.._ _ _._ . 
I-C Bz,sh wx 

57 

59 

128 

5 

5 

2 

52 

0 

1 

28: 

31 
1 Origin or Plot 4306 

1 Not teaatad 



Supglammt to Table 1 

Types of chromatidra praduoad by plant 4108c-1 and qpmranos of 

kernel in table 1 

I ’ Sh ’ Br% 
3 3 

‘1wx Ds 
Ao ac 

c sh br 

Amaetranae of ksrnel 

Region 1 

C sh bz wx 88 ii(~ and ac C rsh b% wx 

I sh ba wx dar Au and ao Z arh wx 5 

Region 2 

C Sh 30 Wx DB ’ 
AC C 3~4 lm,Yh-ah, %x-m 5 

’ at? c Sh BE dx 2 

X Sh ba wx dca Ao and ~b 3 Sh wx 

Region 3 I: Sh Bs wr da i&o and ~LCI I Sh wx 

C rjrh bz ux De AC and ats c sh ba wx 

Observed double orosa-over, Regions 2 and 3:-l C Irh Ba wx norwmriogatsd 
Odd classes * 2, SP,~ Table; 1. 



Type8 0r kernrsls appaarim on ear from crospB or 

C sh ba wx da 

Plant 41cxKb1 

3-C 8z,sht, Hx-wx 41 

3 Sh iix 08 

c ah wx 86 

I eh wx 4 

C Sh JIx 

I sh wx 

C rh ci.x 

3 

1 

4% 

14 

a4 

162 S t 128 C 
152 wx : 130 wr 

* Ths Sh-ah visrietstion will not be indioated In the table 
but nay bs undtsrstood to Ix! present, 



Supplement to Table 2 

Chromtids produasd by giant 4lOBC-1 and agpearanae of kernelesr 

Cro88-over regions tssted: 
I Sh itlx Ds 

C erh wx Rds 
1 2 3 

C sh wx da Aa and ao C sh wx 

X sh wz AO and BC I sh wx 

X sh WK de Ao and ao I ith wx 
Region 2 

Region 3 



type exqeoted when a Ds loaue ie at its standard gosftion in the 

I Sh Dz ;iix ~Cromosome. Ths Ds mutationa gave rise to /i: ah bz wx 

seatora (table 3.1 or o sh ax asotors (table 2). Also, the position 

or this Ds locus is obvious from the types and frequencies of 

reacllvered moms-over ahrormtilas rshown in tables 1 and 2, qere can 
be no doubt that 1~3 plant 4108c4, Ds WRS 13mtta $0 the right 0r 

#x,*-at its standard location in ths wd I Sh Bz 2~ BhrOi~O~O~~~~* 

One of' the two exceptional kernela listed in table 1 showed a 

type of variegation that would not arise from an I Sh f(z $!x Da or&m 

of qranes, In this kernel, many chromosome breaks of the 3s rrtuta- 

tional t-ype bsd ocourrod, but the position of the breaks WRY just 

to .thc rig:'it of the I locus instead of to the right of the. $;x ~QCUB, 

These brf+aks gave rim to cells in ulhich the I locus was climinnted 

but the Sh 232 and Jx loci were retained, %llowfng such a 3s 

mutation, L: dicentrlc chromatid was formed that had ;;h 3x and Ax 
in the short arms of the two terminally fused chromatida (the dioentrio 

c*hromRtt;d) * Continued Lrca~g9.fusion-bridge cycles resulted in 

whsn correlationa of the I-;enio organization of this chromosome with 
the varie:ydion patterns can logically be derfved, 

The aberrant kernel was planted In the greenhouse in t;% wli.ntar 

or 194?*4f3. No aytological e~aminatSon wan aade of’ the plant nrising 

early in maturing and becauwe no other gltknts werfsd tivai2.8ble for 

crossing, onlg a self-pollination of t?;is Tlz.nt wae possible, The 



tggee of' ksrnels appmrfng WI this self-nol2in~tad esr are? given in 

table 3, The chromoaoml and genie oonstitution of' the sbermnt 

ohromoxx%e 9 carryirg I3h :'3z dx in this plant has been determined 

lrom nn analysis aP the plants arfsing froze the kernels on this 

self=-polllnwted ear* This ana1ysjl.s rtWx?szl +rhe typss of irarnels that 

appeared on the B&T rendilg interpretnble, 3emuse the kernelLs are 

quite c?iF reren t fron those arj.sfn:t in ?revloua studI.es, a sup2lementary 

anaI,ysiti gevln,?: the ohromatl_ds, t!?at could Se produced during i~aiosis 

in t?& ?l*nt and the tmes of gametes thtzt will result accoxapan3-ea 

and a Ih~pllcation chroaossoms 9 with wd ZBCI 3j~& .Sh Bz 'ii‘x in each of' 
4 

the two duplfoated aeeents (see dis;;ram, tnble 3 supplement), 

3ynilgsf.s bcttwecn the two chromosornets 9 usually occurs 3s &ven in the 

diagram nrrcl the crossover percenfx+. 2~8 bct~wem the mrkcd loci dr8 

not reduced ) 81s the genet.i~ ;;utklg~i~ of the F~"z plants that WWQ~ 

heterozygous far this duplic:ntIton will show, The "dsw desiTn2lian 

PY m@anin.r;rless with respect to the presence of any true slleZic LOG%? 

It ha:? been inserted to lllake the constitutiona easier to read at a 

glance. Fscr~rrse of the inany possible cluc;ses of croesov~r c:xro~~tids 
that could arise in this plant, only the single crossovers between 

the two chromosornea 9 following sgntlpsls of the distal duplicated 

segment in the Ihrplf.catinn chramosame 9 with its homologous seepent 

in the normal c?hromosome 9 ore given in t% au?pltmcnt to table 3, 

TMub3.e CFQSSOFT~~ES in the reg2cm between C and WIYX UV.B relatively rare! 

and wfL1 be ne$Iected at this paint in the dl.acusslon, The sfn&3 
oro8soverf;) ho2K?ver, are frequent and ~fre most importztnt in interpreting 

the cons:itutions of the obssrved typos of kernels, ,iltIzx.xFyh it was 



Table 3 

W& G ds sh bz wx ds 

I Sh Ix 83 GShl32Wr 4 

I Sh wr4rx 8 G Bs-c bz, Sh-ah, wx-wx 3 

1-c B+G bz, Sh-sh, Wxiwx 7% Gah2SWX 89 

1-c Bz, Sh wx 1 

I Sh wx 4 Total : 274 

1-C Bs4 ba, ah-ah, wx 10 178 I t 9% c 

I sh ~1: p1 168 Wr : 10% wx 

I bz-C bz, sh ‘Ix 1 





SuppZemmt to Table 3 contimed 

Region 3 I Dr; Sh bz wx ds ; 
As I bs-C bz, Sh wx 

IkOmpal a0 I Sh wx 

wd C ds A bz wx ds Aa and 80 
l!iOI?lli&l 

C sh bx wx 



(3) a De loaua had been tranapomd jut to the right of the X loou8t 

and that (a) amme chromosomel aberration invdlvfn~ the region to 

the right of fhsr I 10~s had likewise occursed, the sxaot nature of' 

the aberrat;ion was not elersrly undaratood 2Yom the analysis of+ thile 

882 cilone. 

To obtain eamt tnfommtion on the abmratlon t:mt oaaurred cmd 

Its possible relatLon to a transposition of Da, sme of the kernels 

in the various clamma represented in table 3 were glanted in the 

summer of 1948 under culture number BtX8, Hlth re&psct to i;ld or wd 

md Be far bz, the tgpea of plantrc arising from theaa various clmme 

of' kernels are given In table 4, 

Cytological susualnation was naads of 8 number of plants in the 
varioue;l mab+zl,msem or cu%turra 4828, The srsorocytas in mede of these . 
plfmt8 gtw8 very poor rigtm8, Those in which the constitution of 

ohronosme 9 was clear: and readily analyzablle are sumrnurlzed in 

tame 3. In sub-oultur+a D and %, the mjority of plants probably 
had the sme t?;enir, $CI well. bs cbrcranoeroml asnstitutlon as the mother 

plant. All the sxsssnlned plants &d one norm1 c~onosomo 9 and a 

chrcomusome 9 with a dapliaation of a mid-segmnt of the short arm. 

Thira duplicated segmnt wan inserted into the short arm, Homologous 

synaptic aseoclation of the ahort am of' the norm1 chroBnosom 9 with 

the short mm af the Duglicmtion chrromoaonte 9 usually occurred along 

the distal two-thirds of the ame ri loop configumtion in tbe 

Duplioatfon ~hmxnoso~~ 9 was premmt, Xtar position varied in the 

different worocytes but it wats usually close to or within the deeg- 

stainiq region atljacmt to the centro%eret. Eonc of thirs proximil 



Table 4 

Appsarame of plants in culture 46Qe obtafned from selected g3sqnn& kernels cm self- 
polllmat& ear of plant 4306 (tible 3) 

Sub-Uture Appearanae or kernel 
desihf- in each sub-culture 

nat font3 from whfah plants arms 
Appearanae oi plants arferfng 

planted from kernela 

A z-e B2, ah wx 1 0 Eo shoot developed; on.%: +raota 

B x ah Ix-wx 2 2 whit@ ssedltnge, (ud/wd) 

E X-C Bz-C Bz, Sh-sh, %x-x 
(Few c ?a32 wx area,s) 

10 8 %!d, Bz : 1 white : 1 no @SYaination 

B I-c Bz, Sh-sh, 1x 
(mw c b2 arsas] 

2 2 ad,% 

f sh wx 

I bz-C bz, ah wx 

C 8h 8% 'kfx 

C Bz-C be, Sh-sh, 8x-m 

C sh bz wx 

2 2 #d,bz 

1 1 Jd; dI.ed in srsedlfng stage 
K 

IO 
M 

2 2 Wd, Bz 

2 2 Jd, Bs 

20 6 rid, b2 



Constitutions of ahromoecmes 9 In plants of dulturs 4628 bmsd 

upon exfmiaation 0r 3porod:ytes at paahytene. 
____- -.- ~-~~- - 

Plant lRmber Constftution of ohrcmosomtls 8 Conctitution of 
in bxerzained plan% plant frora pe5lea 

exctnninat ion 

46206-17 ;Qx wx 

4628WM 1 Dupll~tioa 
1 Wornal 

wx wx 

4628% 1 2 Normal wx wx 

463f3~- 2 2 lMorma1 wx wx 

462&I-:f, 2 P-Tarml ulc ux 

462Rc~* 2 2 NorRlal wx wx 

4628H- 1 2 Zllorml wx wx 

4628% 2 2 aornraf. wx wx 

4628b.3 fix wx 



deep-etaining re,:ion, however, was included in the &.qslioated 

EHqgJaent l 

Plant 46W3G9 wm hcmozy~ma~ for the chromommw 9 with thee 

duplimtion, 3y aomptprative measurementa of the short and long 

armls of' ohrcmmow 9 in this plant and from the appear&me of' the 

chrommcres within thle cm%, at was qqmrent that ths Buglioation 

was composed of a eepent approxfm?&tely egliv~bmt in length to a 

third of the normal ashort am+ It was composed only of the awLIler 

chromomeres charaaterlatic of' the diarta1 two-thirds of the nomal 

short arma It wars concluded (1) from the chromomars constltutton 

in the plant homozggous for thb dualiotitlon, (E!) from the synngtio 

phenomena in the heterozygous plants and (3) from the genfo and 

~hrommmal constitutions of the Lp2 population that the dupIisat@d 
segment was composed of a section of the middle of thet short arm of 

chromosatx3 8 and af a kmgth agproxbately on&&hird of this arm. 

This rsetglklent had beten llnsertsd into B nornal short arm, This may be 

dltpgranmed, without retfereaoe to order of genes, as followsl3: 

sub-cultures D and IS* The plants in stab-culturea F, 0 and 11, on 



th% other hand, had two morpholagically normal ahramasames 0, Mo 

abaormalitiss of any kind could be se%n in ths chramosom%s 9 of 

the%% plants* Sn all of the%% plants, hovJ%vsr, tha 3, Ds, Sh and 

Ba loci in the norm1 chrcx&osam% 9 had orfg;inally been Loaatsd in 

ths Duglicfstfon chrawsam9 9 of the mothsr plant, 

A ganetio analyrsis of th% plants of cultura 46p18 has made it 

possi.b2% to stat% (1) th% gsnio oom?asition of th% two ldentiaal 
%%@&?nts in the Dupliaatioa ohromosaana 9, (2) the ar&er uf the @near 

in each eiegmant and (3) the probabba %vent that occurred in a es11 

of plant 4108C-l whioh praduaed the duplication and th% transpositSon 

bf a Ds koaus frcm its standaM position to a position inrmcdfat%ly 

to ths right of the f SOWS. The purpose of tha following dssoriptifm 

is to give the evidancm that allow% th%s% conalusi~as to bs drawn. 

4, Th% mnetiu aaa$$y~ha of ths plants in oul.tur% 4688, (a). Sub- 

culttar% c, 

Polle?rn examination% W&F% mad% of a numbetr of plant% of cultus% 

4688 (table 61, ThPs was partieularlg Important in sub-culture C in 

ordar to sel%ct the%% plants that could b% %xp%at%U to be homozygous 

for the, Duplication ohraino%om% 9, Th%s% plants %hauld be ifx Ux, 

only 3 #x YdJx planta were pr%s%Ykt in thi@  sub-cultnrs, Beoause plant 
C-9, a 4x fix plant, had also bean %-in%8 cytologt%ally, tt was 

s%le%t%d for tests to det%rmin% th% types of variegation patt%rns that 

the Ds 10~1 3n ths Dup2laatlon chrumosomcas 8 would produce, This 

plant wa8 orassed to th% rofl0dng termpzle plmtr: 



Tabls 8 

'Wx and wx constitutioa8 in glarnts of aulture 4ms btnelsd on 

poxken examination 

Sub-maltuxw %3x W%* Nx wx wx RX hppaaranm o? kernela from 
whfoh plant arose 

c 

D 

B 

0 

H 

I 

K 

L 

3 

0 

0 

0 

0 

0 

0 

0 

0 

14 

3 

1 

0 

0 

0 

0 

& 

B 

0 

0 

0 

8 

3 

P, 

e 

0 

0 

I 8h s!r 

I -c 38 - c bz, Sh-ah, Ax-wx 
(dew c bit arears) 

18h wx 

I - C 138, Sh*sh, wx 
(r- c bz arms) 

I rrh wz 

C Sh Ba #x 

* All 3 planta had Q reww, 
pollen grainrs, 

tarnal, gartiaiifr rifhd wx 8tahg 
This ia to bs expected iram Dse mtetiom (saps 

Annual Report, l348), 



(1) C ah bs ws ds, ac a(t 

(2) C rh bx RX drs, Aa &La 

(3) a sh Bz wx do, ac aa 
(4) C Sh 3% 01s Da / C Sh Ba wx Ds, Ao Au 

(5) C Yh Ba WT 118 / C Sh 3% wx D8, a~ a~ 

Xfmn aroeaseb to C ah bz wx ds ac female plaats, two typcrrar of 

kernels ap-pearsd an the ears in equal ratios, One was I Sh tix 

and non-variegated. 1L”he other tyne o f Icemelt, was varieg&ed (table 

MkL All these varisgatt;sd kernela had aeatore that had lost the 

I locus, Ztany of the aaatme were C 3% Wx in ;phenatme but within 

the motor varieg&tion for C bz W~EJ present. There C bz 8rt3arp were 

al1 WE* Within th8 C BZ s8otors tbre: WCT% Often larg@ wx arexm 

that wme d8flnit8ly I% and net bz, Thid 98 iE&m3Xmt, bl wfll b8 

llndfcated latw. There were also sum8 !C bz wx saatms, not wlwithin 
or assooiated with the C 31; matars, It W88 eV$dent that two tyg86l 
of event8 were aaaurrixg in theee kernels. 30th invalved 1088 of 
the I locus but met ve the C 3z dx aeotors with C bPi wx and BZ wx 
areas within them and one gave C bl; wx msatorer directly, ,Qrthez 
analyslt?l has maa8 it clefs that them two aeparette typss of raris- 

gation are aasooi&ted with the presenoe of' two Ds loci in the 

Duplioation chroxmecme 9, one (D&j located juet to the right of 

the I locus and on8 (Ps~) loaated to the right of' the groxfmal 

duplicated sqpent. X Drs2 mutation acoounta for the appearmae of 
the fndemndsnt C bz wr seetars; 8 DE? rmtRtion give& rise to the 

C l% f'lx mvJtors with a seaondary type of vuriagation withih them, 

as described above; 



$ernel type0 

4362-8 x 46280-S 222 212 

4363-10 % n fi 18 36 

4316&C-6 x " Is 273 236 

Totals 513 404 

+ 3$?8 tglirt far aoburate dasoriptlon of ~~~8~~t~~~~ 



Table 7-b 

a eh 92 wac da ao 0 x 4628c-9 o 

4547~19 x 4628th9 180 189 





43808-6 x 4688C-9 



Ths avidsnae obtained from thi8 orosa alone is not #HIffioi8nt to , 
establish the %r natitutlons of the chroraosomes Q in this plant 

(462&b9) as /\gir.Il fn table ?-a* Th8 ernalyrsis of the other plants 
+ in culture 4628 allows the aonetl.tutions of the ohromosomer 9 ia 
4 

this plant.to be designated with 8; high deg:ree of certainty. The 
constitution of th8 r)upWmtioa ohrornosoxnaa 9 are, them 

I Id Yh Bz ;Yx Wx Bs Sh Dal, 

That no C loouta was present in the duplication chromsom 9 

was indiaat from the aross of 462W-9 to (3 ah Bs WX Bar ac femfal8 

plants (table 7-b). All of the ksrnelrP rmiwltfng iron this CFOE~EJ 

were col~rledp~, Bo aalorsd rsrpota or maw3 were seen in any or the& 

Raljl ot them, hoW8ver, wme JX - wx vtiriagated, 88 exptcted. ff 6L 

c locus h&d been present to the right OF Dsl, then its grassme 

should have been dateatsd in the J%lr - WI variegated kernels on this 

ear. lt 886m3 reasonable to ~onclmI@, therefor%, that no G loclua 

wm prbsent in the Duplicration chromosome 9. That none should be 

present will be indicated when the projscted event that gave rise 

to the duplioation irsr discusee& 

Plant 46f38C-9 was arossmd to R C sh bz wx ds, Aa ac ismale 

plant, tab18 7-o. Xi plant 462813-Q were AC ac in constitution, as 

the evidence in tables T-a and 9-b indicate, the 8ndOsg8rm oonsti- 

tutions of the karneIs repreaonted in table 7-a should be 1 AC AC AC t 
T AC2 AC 80 i 1 A0 ac ac : 1 bC Qc? bC* Reeponssa of the Ds loci to 

ACI dosage :gould detarnz;2na the classes of ksrnsls sppearing on this 

ear, The ratios of classes, with rsapeot to variegation puttem, 

in table 7-0, me those that could be anticipated, The observations 

suggest that some of the me AC ka constitutions alloys a very Light 

speckled pattern of variegation to appear-a few very late ‘Ds mta- 



tions ware acourring fm some of these kernels. Tablen 7-d gives ths 
ty,pas of kernels obtained f'rom the moss of 4628C-% to a C Sh Bz wx B8 

C Yh Bz wx Ds, AC Xe (*llelic positions) f'eaale plant+ &gain, the 

clasacs of kernels apnearIng on the em! following thie CFQNB are in 

agreement with the projaoted constitution of the male parent. 

(b), Sub-culture D 

The tested plants in sub-culture D were all heterozygoue f'os the 

Dupllaation chro~1of3olns 9. The soleeefon of this claats of karnelhs 
f'roa the mlf-,pollinated ear of plant 43C6, would suggest thart they 

arlght have similar ahromoeoae an8 gmic constitutfons afs the mother 

plant, TWO of thes@ planta, WQT~B ~~QSSC~ to c rah bz wz da ac female 

pl.ante, The resulta ai these aromes are given in tables 8, Bec:auee 

of the many clames of kernels that could appear following: this cross, 

a supplement to table 8 1s~ bsan included to show the types of 

chromat,Sds that thests plants could produce, If they had the given 
chromosome 9 constitutions* The types of chromatfds urn ths same as 
thoee that have been uonsidercsd for the parent plmt, (iSupplement to 

table 3). In these crosms, however, ~-f direct test for the presence 
of these mrfous types of mmamso~~r isna ercmsovm! chromtids is 

available, It may brnr seen from the supplenent to table 8 that 

arossing over would produae morphologically norm1 chromosomes 9 

having a tramposed I-M losus. The constitutions of these chromosomes, 

in the single aroBs-over classes, would be: I Ds'sh bz wx, I Ds' 3h bz wx 
and I De’ Sh Be IX. The variegation pattern that each of these chromo- 

plomos would ,produce in the cross to C sh bz wx ds ia apparent. Thtay 
appear In table 8 under the designated headings I bz& bz, sh, wx, 

I bz-C bz,Yh-sh, wx and I-C 3a-C bz,$h-sh,wx, respectively, Ii plants 



Table 8 

C ah bz wx ds aa 0 r I Da1 Sh B2 HX #% B2 Sh DS” Aa 80 G 
C ds sh ba wx ds 

IGmml type 

CY?OSS 
4363-6 aaamr 4363 17 44-a% 0 ’ * * 

46&lO 462&a 462&U 462&m 
Totals 

38 55 

16 27 

22 29 

8 16 

1 1 

3 5 

1 3 

20 16 

10 9 

0 0 

69 115 

37 90 

40 59 

13 30 

19 33 

1 0 

2 8 

2 6 

16 29 

9 lb9 

1 2 

. .los zzo 
Tatal kernelsr 

200 

142 

94) 

76 

3 

16 

i2 

79 

43 

3 

500 

im 

* The ah-a& variegation will not be indfcmted in the table but my 



Supple~At to Terbls 8 



Sup@menti ta Table 8 cuntimed 

Crossovers 

Region 3 
/ A0 I bz-C ba, Sh, wx 
\ ac I Sh wx 

c ds sh bz 9x v3r BE Sh Ds' < 
aa C BE-C bz, Sh, Hx-wx 

Dupliaatibn ac C Sh %z tdx 



were grown from these kernels, all should posaeas two normal 
chromosomes 0* The aeleotiton of the C 3% - C bz, Sh - sh, $1~ - wr 

kernels, on the othor hand, should zfve rise to plants with a normal 

chromosome 9 oarryiw C sh bz wx ds and a Duplication chromosome 9 

with the various constitutions indicuted in the supplement to 

table 8, Beaause the rs&fon between Bz and Jr is the longest, the 

most frequent of the cross-over classes should be;normal chromosomes 9 

with I Rsl Yh Bz wx and 3upliaation chromosomes 9 with C da sh be Ix 

kYX 9l-l IIs2 (t3romoveP region 4, supplement to table 8) l Crosshqa~ over 

ratios may be determined in regions 2, 3 and 4 by compearinii; the 

frequencies of the various classes of I kernels showing variegation. 

The numbers in the P bz - C bs, sh wx ol~s, (region 2), the 

1 bz - G bz, Yh-ah, wx class (region 3) and the I - C Se - C bz, 

dh-sh, wx class lregian 4) are 12 t 3 D 76, raspeo~tlvely. The 

urommver unites for reC:fons 1 to $h, Sh to 9z and I32 to Jz Sn normal 

chromosomes 9 are approximately 3 t 2 t 21, respectively. The 
agreement in the two cases in relative frequencies fn the several 

QPQsSOV0r reqion5 is alose* No serious disturbance in the relative 

frequencies of crossing-over in these regions 2s ocourrinr;; in the 

plants that are heterozygous for the dug11aatfon. 

Soreover to test the projeatad constitutions of the gametes 

producad by plants 4628x3-10 and 11 (table 8) It would be necessary 

to grow plants from the various clasaee of kernels in this table and 

test the chromosoml fand ganic constitutbons of the chromosome 9 

contributed by the naalte parentI %cause the constituti.ons of the 

ckronosome 0 in the gametes of the mother plant (4306) wcrc probbly 

the scme as those produced by the two tested plants of sub-culture D, 

tha probable constitutions of the plnnta In sub-cultures Y' to 1, cm 

be anticipated, 



-12- 
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On the self-pollinated ear (sf plant 4306 the variaus crossover 4' 
classes of kernel.8 df the tyqas indiaated in table 8 were likswlss 

pretsent. The c3hromost2mta 9 constitutions of the examined plantts ar:sing 
from a eeleoted number of such ketrnc-!ls has been given in t;ablc $5, The 

corraspondenae a% ehraoloaome constitution with expectancy on the 

baniffi of the selectfan W88 confirwd bg the cytolo~~icsl %%naP$s@8, 

Flants In sub-cultures U andt iq of culture 4628 ahlauld carry two normal 

ohromoaomes 9, one with I DE/ Sh Rz wx and one with S da sh bz =r 

'I'hese plants should be ;L:LC ac, as the type of variegatim observed fn 

the kernels from which they arose would au&got, The plants fn sub- 
culture F should have the Sgtr,C two chromOSsmcrrs aa plants in sub- 

cultures C and II but these plants could be either z&c Ac or RC ac, 

The giants in culture X, not exanimd cytologically, could be expected 

to imw two nor~m31 chromooo~es 9, one with 3 DE+'B?x bz wx (an I cl& csh 

bz wx c'nromtid is infrequently produced) and one with C da sh bz WX. 

These plants could be tic Aa or QC SC. The exact genie canstftutiDna 

of chromsomes 9 in the plants in sub-cultures I? and 5 co~~ld not be 

projected in advancte athsr than to antici>ate the presence of the 

dunlSoation chromosome 9 resulting from a crossover in re:C;ions 2 to 5 _ ______ -- --.--- -- .- .-- ._ ,.-_ -a 
in the nother plant (or r&rely in rqion 1)s~ of thf; gsnic 

an8 chromosomal constitutions of these plants wwill now be given. 

(c) Sub-culture .F 

Ev appropriate grosses of plants in sub-cultures F to L, the 

genie constitutions of the two chromosomes 9 in each tested plant 

was determined. Plant 4628B-1, known to have two ,7norpholo~~eally 

normal chromosomes 9 because it was examined cytologica2ly, was 
croosed to two C ds ah bz wx da QC female plants. The tya>es of kernels 



appetrring on the two resQlting ear8 are glvern in table 9. This 

plant wagl obviously AC Aa (allelic positions] in conotitution, 

That rsupplement to table 9 Itndioates the types of uhromatids that plant 

4688B-1 would produce on the baaia of the given oonstitution, The 

observed ratio8 of the -rioUs classes of kern6918 on these care 

uonfirms the projected constitution of this plant, The plant had a 

nnrnal ahromosome 9 with I Ds’ sh 732 wx and a namml ahromosorae4 9 

with C da sh bz wl~, The Ds locus is gremmt juert to the rl~l;ht of I. 

Tt should be noted that crosalng-over between I and Sh is not affected 

by the presence of this Ds locus (4,9$ czossinfpover). 

ilith the same aleurone gene8 in chromosome 9,the raris$ation 

pattern produaad by a Ds loaus in this new position is strikini;;ly 

different from that produaed by n Ds locus in its standard location, 

In thi8 new position,a Ds mutation wiZ1 give an acentric fragment 

oarrying f and a dlocntrlc chromatld with Sh Bz wx, 88 shown In the 

followin& diagram 

WX 0 we 
0 -- 

x Yh 3% wx 

The dioentria chromatfd produced by a D)a mutation at this locue will 

undergo the breakage-fusSon-bridge cycle beginning in the anrsph~ae 

followin.? the Ds mutation. In this first anaphase, the genes Sh and 3z 

will be looated alom to the middle of the bridge: 

Be~aurse the brfdge may be broken at any positfon between the two 

centromeres, it can bs antlel?ated that some of the breaks in this 



C ars sh ba 4628P-1 

I arh 

C Bnt-C br,Wrh 

I bad bz, ah 

C 9h 3% 

I bad bq Sh-sh 

c ah I38 

I 3h 

C bnj sh-ah 

I 3s-C bq sh 

C Sh bz 

Rlegion 2 

Ragiona lob! 

Regicml m 

Raggfons 2$&3 

183 

lb3 

1 

0 1 1 

8 a 12 

6 6 lb2 

10 6 X6 

2 3 8 

0 0 9* 

1 0 1 

0 0 0 

0 0 0 

89 

83 

1 

era 

236 

2 

T4m%llrs 871 193 364 



Chroneetids produaad by glmt 4628%1 
C! be ah bz 

Chromt id 
aon~titutiona Appeciranaa of iwrnal in fable 9 

G drar ah b% C srh bz 

I da ah bat X sh 



division will ocmr to on8 Bide of this 73% Sh Sh Ba mgmsnt instead of 

within this laegementr This would give rise to two daughter cellar, one 

aontiining no 3h or Bz loaus and one cont~~ining two 3h and two Dz 

loai. The I lo~ua, carried by the acentrlo frargment, would by lost 

to both daughter oelle: 

A B 

MO I 
i 

f3h or Bz 
001 

240 I loaaq two Shy 
two Bz loai 

Them two sirsPIer cellar should &re rim to two sdjaaent (twin) 

sectors in the endoqmm, one hating a C ba phenotype land cm hating 
a C Bz phenotype in whiah C ba areas appear* These C bs areas would 
arim from t&a aontinuatllon of the breakxqe-fuslcm-bridge cycles in 

cell 3 that was lnitfated by the original Ds mutationt 



Twin sectors of the type diagrammed above were present fn all of 

ths vatriatgatsd kernela Ln table U.that rsaeircsd sn I De Sh BS wx 

chromotPome fsoar the mala p&runt. Thipl varigg3ation pattern is trery 

strikin$ and is Strong evfdcaue fx tL? presenae of a Da locus just 

to the right of the I luaus, TImt this loaation is aorri?at, is 

obvious from the gsnia aonstitutlons Ptnd aaaompfx&xtg Parie@tion or 

lack of vsrl8e&ion in the arossover chromentids recovered from plant 

4628~.1 (table 9). 

Plant 46281r-2 had the sam~s chromosomal and g8ni0 constitution 

a8 plant 46263%. with raveat to the aleurone ganas carried by the two 

ahromosomes 9, &%en arossed to C sh bz wx ds ac: fe-malo planto, no 
var$egated kernals appeared (table 10-a). When ososasd to a 

C sh bz wx ds,xa sc plant, again no regular Variegate;'! kernels 
appeased (Table 10-b). From this cross, It mny be concluded t;hat 
plant 4620F-2 has the! constitution I Sh Bz wx / 6: ah bx wx. It does 
not carry a Ds locus that is.rcgularly producing a dfaentria chromstfd 

aurxying genes in the abort arm of chromosome 9, That 8 Ds locus miay 
be present was auggeasted by the pretsanaa of a small amount of mrie- 

gation upnearing on a few of the kernels represented in table lo-b, 

This slant may havs a newly transDoaed 5s louus or a Ds locus with 

a changed stats giving tsw if tsajr dicmtrla chromatlds (extrem 

few-late Ds?), These possibilities will be tested thfs 8ummer'F 

Plants 4626 011, (34 and C-3 proved to be similar fin the cf;romo- 

soma and genia aonstitutions of their ehromorsomes 9. All had a normal 
chromoaom 8 with I Ds Sh Bz; wx and a normal chromosome 9 with 

C ds sh bz wx. All were Aa 8~. Table 11-a showa the typs of kernels 



Gross 

K%rn%l typea 

I Bh I sh C 3h BIB @ ah Ba C sh bg 

4563-2 x 462EII+2 us 6 t3 3 34 

4462C-4 x 46288-2 8x9 15 a3 6 826 

4462C*9 % 4628B*2 2310 14 12 13 213 

Total% 544 3s 41 a2 S&3 

Total kernels? lI65 



C rsh bs d8, A@ aa 0 z 4688W3 d 

i 

I Sh I rsh 
0.0~ region 1 t 

C 9h Be c 6h 3% c sh bx 
0,~. Rasglon 1 adb re&on 2 1 

/ I I 
I I 

146 / 0 11 4 3 173 
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ap?ee;iring on the ears follawing the aross of these plants to 

C sh bz wx ds ETC fe;nale plants, The r8SUltS obtained are stmiJ,ar 
to those rsaorded fn table 9 with res!,eCt to tlte types and fraquenailes 
of the ahromstids that wer% groduaed by the heterozygous parents, 

Beaause of the Au au constitution of these plants, the grssenae of 

Da may be detected in only half of the ksrnrla that reoelved a 

chromosome 9 carryins a Ifs locus. The var2csation patterns in the 

kernels havirzfs both Ds and .;a are the! mm a.8 thoas appearing on 

the ears from similar ar3sses Snvolving pIant 4ii2RT~'-l (sea puge \3 J, 

Jn table Il-b, the types of kernels are @v~;n that resulted 

frc3m the moss of tao af the 3 plants in sub-culture G to c sh 'i3z wx ds 

ac female plants, Crossing over in normal in frequenop in the 1 to 

9h segnent, aa indfoatad in hot-h tabls;s 11-a anfl 11-b (5,S$ tin;2 3.9$, 

reapeetivsly). Among the 1243 kernels in table 11-b there we‘re 
only 2 that were C to c vtiriegated, Seth kernels carried ;h in the 

C 5s ahromosom. In table Xl-a, there were only 3 C 9% - C bz 

kernels on the EW &mong the 1462 kernels, ,131 ichreer carried i;h in 

the C 13~ ~hrcmo~omr The chromtti6s arirrying :: 3s 3h ;Sz wx s:lould 

represent the oross avers that oacurred in Revlon l,--between X and TM, 

These 5 6~18~s in tnhles 13.5-a and 11-b, represent nppraxftmtaly one- 

fourth of the crossovsrs in this region tbst are emectcd to be 
present on these ~3~s. Xf Pt may be ass:zx;od thnt there era 20 cross- 

overs in th@ region bet-vaen I and 3s among the 2704 kernels oh these 

ears, the cross over psrct;ant in this region is ugproxim:~tely 0.74, 

The C'&riegntcd kc?rnel% on these ears xLl1 be nl~ntcd thi:~ 5zmmer 

nnd the lndivi4u~~ls arfsinfl: fron these! kernela will be tested for the 

presanoet sf a 3s Pvcuo jut to the right of the 2 locus in order t.0 be 



E;srnel 
4367~2 436Ck-2 4363-X 4363-14 44820-8 4604-3 

type 
46&3-l 46f80-2 46;80-2 46&J-2 &a&~ Y &G-3 

Totals 

1-C l3s-C bs, Sh 107 19 18 38 108 61 a51 

I Sh 109 26 25 32 106 48 346 

C sh bz 202 45 25 53 219 97 641 

I ah 7 3 2 4 5 1 22 
C 13z-C ba,Sh 0 1 0 1* 0 1 ?Fk 3 

C Sh B% 8 2 2 0 17 6 35 

I bz-C ba, sh 8 1 2 2 12 1 26 

I ba-4 bz, Sh 3 0 1 0 6 2 12 
C sh Bz 10 2 0 4 6 3 25 

Total&3 454 99 75 134 479 220 1461 



8?on-oroesovsr 
chroaatida, 

C ds ah bai ii3a md 80 - C sh bz 

Croe8otrers I Us ah bz AC nad IC - I sh 

Ragion 1 
C Ds Sh Bs’ 

he 

’ a6 

I C Bz-C ba, Sh-ah 3 
& c Sh 3% 

l I be4 bz, ah 20 
a I eh 

C das Sh Bra AC and ac - C Sh 3% 

I Dla sh bs’ 
AC 

’ a(> 

31 I ba-C bz, dh-sh I,2 
L I Sh 

C sh bz 

Regions 1 and 3 I 4s sh I3z AC and ac - I rh 

Regions 2 and 3 - I Bz-C ba, sh 0 
* I 8h 



Table 11-b 

46280-l and G-3 

Non a.0, Aa and aa 
I Sh 195 167 IL.47 74 583 

Region8 1 dt 2 
ha and ac 

Rcq#,on 1 Aa and rat 
1 8h 11 6 11 4 32 n 2 ha and ac 

* *,t 
c-a Yh Region 1 Ao 1 1 0 a 2 

C Yh 
Ry$on 1 ao 

2 7 2 4 15 
Region 2 ha and act 

C-c eh Regions 1 and 2 AC 0 0 

338 170 3,243 



sure that no event other thin IIs mutatiannr were ree?onsibls for 

the qgewranae of the ::; Bz - C bz or C to a vc.~feg~tfon irr the~pe 

kernels. The prear.enatr of the dh locus in all five of these kernels 

&rongly supports D 2 Dar Sh constitution thvt tir~~se from a croe3~ovc1r 

in xsglm 1, 

Tests of the genia aonatitutions of the two narmril chromosomes 9 in 

@ach of the two plants in sub-culture H are not extensive. Plant 

4W3&l wa3&I arowrad to a C eh bz wx 68, iid aa ferntie plant, The types 

of kernel@ eippsaring on the remlting ear are glvw in table 12--a, The 
genfc aonatitutions of thes ohrommomss 9 in this plant are the s~pncl 

as thoiss in plantr PwJ., O-1, G-2 and O-3 (I DE? 9h 3z wx / C d;s sh 

bz 9~3~1. Pletnt 4028S1 should be Ao ac from tha ~ppwrancs of the 

kern%1 from which it arom. The kernels of tt:,a ear should be he Aa Aa, 

Ao ho ac, A0 ac aa or a0 843 bar The variegation pattern on the karnels 
aominhr; from thla arcxw fndlmte the presenae of these wxrious ka 

aonatitutfons, Xn the Aa Aa cpa kernels, the grt3senaa of an I Dts Sh Bz 
chmmosom was detected by ths numero'u8 rspetakler of C Ba phenotype, 

In the Aa Aa aa kernels aar~ylng an I Da 8h bz or I Ds sh bz chrome- 

~CISB, the speaklee of 0 bs sould not be dateeted, The color contrast 

las too iaint, In the Aa ac 8a kernels, however, the C b% color xmy 

be mmn for many large ssatorsa of this phenotyp are prasent, 

Table 12-a doea not give satitiaatory data, therefore, on the presenae 

or abaenoe of DI in some of' the kernels having an 3 Der ah bz wx or ~fn 

3 Ds 3h bz wx chromosome. The variegation pattern in the Aa ac 8c 

kernels that recaived an I Ds Sh BE chromosome its lika that described 
for sritilar ar088es lnvx3lving plant 468X?-1, Crossirg over between 

I and 8h irs normal in frequency (3.6$), 



C ah bz tax dss, ha au 9 x f Da sh Be w= 
A0 au d 

C Us sh ba wx 

4462C-7 4sea-1 

Bwnel type E-bar af kernels 

I ‘Jh (not obviourly 
varlegatsd) 104 

I ba-0 bz, ah 

(not obYlouslg 
' sh 'is oarfegatedf 

172 

2 

1 

C Sh ba 



Table U-b 

u Sh Ba wx dpo 
IL2 - auao9 x I De Yh Bz wx Ad bo c 

C sh bz wx drr C da tsh bz wx 



The two plants in sub-mlture I (those arfsing from I sh wx kernels, 

Cable 3j wsere cl-msed to a seriels of tester plants. Plant tpO1?81-=1 had 

two normal chromusomes 0, Both rahrono~mes B mrrfed r: sh bz wx, 
This conatltution auggast~ that heterofertblization had occurred or 

that tha kernel fscm which this glent arose had bean :niscl.a8siffed, 

It may have been a C sh bz wx kern&l with poor C bz color de~elopmant, 

The C bs color in the kamele, on the ear of plant 4306 and on the 88~~ 

In orom~~ of the plants in mlture 4625 is, hcmiever, very well . 
developsad, Classification ror C bz phsnotype~ are distlnut, Plant 

4628Im2 had two normal c~moaosom~s 9, one carrying f Ds sh bz wx arad 
one uarryfrg C da sh bz WI, This plant WF.SS ec AC. &em crassed to a 
C ah bz wx de ac female plant, no variegs ad kernels appeared on the 

~LC rr +a 
ear (table 13-esjr ;‘ihe;l crossed to a WS&BSB / C Sh Be?e 84 plant, 

IShAL+ 4’ 
91 of the 04qkernsls $ were I-$vurie$::.sted 
(table 13-P). Wbn crossed to a i: 3% / C bz, AC ac female plant, 

109 of the 198 I aarrying ksrncla were. either I - C Bz or I bz - C bz 



4363-8 x 46281-2 148 120 

44mc-3 x * * 

Totals 



Table 13-b 

C Ez / C bz, Acr ae & x 46%8X-t ii 

109 



Table 3.3-e 

53 7u j 50 / 51 I 

Totalei 3 

Odder 1 C sh wx$ 1 I sh wx; Z goeaible C-Q rh 24x * 



_--- - 

433445 x 4628X-2 42 1 70 



variegated (table 15&r), Thiar plant wm al.80 crossed to 8 c / et 

AC Ac female plant. Anong the 171 C kernels on the em, or&y 1 

aqy.tared to b0 C - u variegated (table 13-d). This lattar kernel 

shmved only very late Ds mtationrs r-8 7dr0rta pattern of 0 specks- 

uhart3oteristfc of D8 mutatinml raqxmaeler to two dosea of thfs particular 

ho locus. The evidenae from all of' the ~~08888 indicate the oorrectneaa of 

the given constitution of plant 4628L2, 

The constitutions of the plants In axxb-cultures F, 0, H and I, that 

arotm from the I carrying class of crossote~! chromtide opt tha aelf- 

pollinated ear of plant 4306 (table 3), me those emected fra?n the 

given oanetitution of this parant plant, A surnmet.ry retisw ai the 
oonatitutfonis of these planta itr given in table 18, The recigrooal 

orcmtmwr alaasses, those carrying the duplication md having a r: locus 

instead ab an I lOCUI, should be represented fn sub-oultusess R and L, 

The genetic analysis of' these latter plants has +von the final ~idence 

that is required to mbstmt2ata the projected nature of the event that 

broxaght about t,he transposition ot the Ds locus. 

w* Sub-cultuss K 

The constitution of plant 4628IGl (D.qMcatfon uhronasom 8 with 

6 ds sh bz Mx 'bvx 92 9h Da2 / normal chromosome 8 with C ds ssh bz wx dhil, 

Ao AQ) was detemined by the types ot kerne3.w appnring an the ear when 

this plant was crossed to a :: ah bz de ac i%mle plant (table 14~). 

All but three of! the c: 9h BIB Ix kernels were C Bz - C bz, Sh-ah,tfx-wx 

mriask;3ated, fn these kernels, there were no imtenaive wf motors regu- 

larly agpetarbng in the, C 3-x ammb, Also, a13 bz areas were wx and 
where sh could be recogn&aed, all were sh, This qp,?@J af varieqttian 
would indicate that only one De locus was present and that it mst be 

located to the right of the duplltcated se@%mt#. 



4462cw5 4$2fX-3. 

Cross-over88 Dupliorationt C ds 8h bz wx Hx Brrt Sh I&+2 

Hormal chrolnoaomst C ds sh bz Mx dsc 

Cm fmov~ra : 2.4% 



4365-3 

ac ac Q x 462EK-3. @  



+Eight of the C ah bs kernelle wear6 ifx, clone of these, howevm, 

arhowed any itix to wx vuriegation, 1x1 order to mpfdly vis~nlize the 

types and fraquwmiae of chroaosomsis 9 constitutions that the gametee 

of this plant could have, 8 diagram of t?le ustusl tpynagt%c association 

of tha, two ahromoaomals 9 in thiae plrnnt and the remlti~ types of 

mom-ovr chromatids, isr included with tttble 14-a. It nay be men 

E"rom this diagram that the 8 C sh bz Ax kernt;ls mtzld arise from 

orosslng over in the region of the arrow-- betvwen the dieter1 Jx locus 

and the point that make the beginning of the proxlml duqlfcated 

Iss,@=nt 4 These chromosorners-oarrying C sh bz Jx--should be normal in 

marpholowx and sl?ould have no Ds 1ocus1~ Therefore, no :ix - wx mriar- 

gation should appear in the kernel8 receiving such 8 chroxncmo!m. As 

ertatod above, no dx - wx variegation appeared in the C sh bz pJx kerneltp. 

ThJis stme chant was crossed to an ac ac Male plsnt havi&q the 

rmrran~ed c:mxmxme 9 with t) .3h BE wx da and a normal clmmosome 9 

with C sh bz wx ds (table 14-b). In this CROSS, the 65 C - c,3h Bs! 

wx - wx kernels cm380 Prom fusion 0-P Q female nucleus c&y3nc the 

c Sh Bz wx chromoscmm with a maLe nucleus carrying the Du~llcation 

chromosome, In the resuliting v~~riep.tsd kernels, all the cf meas~ were 

WC* No extensive wx stactors reg.~lsrly Bppeared in the C meas. Again 
thia shows that the Bs laous in the Duplication chromosome Q of the 

mlc parent -?ust be to the right of the Wx loci, 

Jith reyurd to chroraosomea 9, pl.ant 462SL2 ked the mm8 ,qsnie 

and ohroraosoml sonatitution a~ plant K-1. It w8sb, howmwr, ac SIC, 
‘#hen crossed to S sh bz wx ds ae fenale plsnts ftnb1.e 15-a) or to c ah 

32 wx cis ac fernala plantsl (table 15-b), no mrfeEated kernels 

apmared. 7’ hero were only three types oi kerncfs on the anr in each 

of these two CTOL~SGB, On the bEkB5.S of the yiven constitution of 



Table 

Cross 

4381-11 x 4628X-2 124 4 I.32 



Table X5-b 

4349-6 x 4028x-2 liw 
:/ 

,/ ‘3 214 



Table 13-o 

c ah 8% wx ds, rlc ac 0 I: 4628E-2 d 

44eszc;-2 x 462aL2 70 

Cmssovers fn sh cla8s: 5.75 

C ah br wx 

21s 



plant 4628&Z, only three typss of kernels rstrs to be expeated. The 

C tsh 3% kernels. in both tables, should have a normal chromosome 9 
oarrying C ash bz 'GE that arose! from B crosmve~ in the rcstgion between 

the! dlsttil ;ix locus md the pcmit2on that zmrks the beginning of the 

proximal dunliaated sagmmt, ?hie arosmver dirstance is 3s and 1.4$ 
of the C rclh kernels in tab3c38 15-a md It&b, remectiv@ly, and is 

similar to that obasrved $02 the sme region in plant 4628If-1. 

f/hen nl.ant 4628K-E wap1 crossed to a ': sh ba wx ds, -iO QC! female 

plant (table 15-o) upproximtely half of the kernel% secefving a 

chromosame 9 carrying C :3h Bz Hx wrere C 32 - S bz, Sh - ah, Nx - wx 

variegated, There were 13 C rrrh bz 8x kernels (5,7$ of the C sh blsr. 

alam) and ag*‘lin nom of these 13 kernels showed my idx to wx 

varfsgat2.m. -4s explainad abavs, variegation is not expected in 
them keenala. 

Plant 4628K-2 was crosmd to an Xa t3rc plant carrying c Lib I% %x IIs 

in a normal chramasom 9 and o ah I3z wx ds in Q rearranged chromosome 

9 (table 15-d), The agpsamnoe of the '79 C - c variegated kernels 
in the Sh Ix c\lase is expected from the given constitution of this 

plant, (Segragation of these 79 C-r, kmmsla into the 2 claseas, 

3h Wx and Sh-sh, -#x-wx, has not been indicated in tha table,) These 

O-a kernels hme Ac Aa 80 aonatitution, Ths Da mutatPons occur late 
In dsvalopnent, ae~ night be expected. 

Plant 4628L1, which arose froxan pi C 9h Bz ~irx kernel oIF table Zt, 
c;arr%ed C ds *";h 132 ;"ix Hx Bz Sh Ds2 in a Duplnoation chromolsome 9 tend 

C ds sh be wx dss in a normal chromosome 9, TWO allelia ;-Lc loci were 
present (AC no) ‘ This plant was asassed t':! a C orb bz wx ds $1.~ female 



4435-l 

Cross 

4435-l x 4628311-2 220 137 

as sxpsctad frFJaa wmstitution of 0, 
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plant (table 18-a) and to three o ah Bz wx de UC female pl.ants 

(table 16-b). The type8 of kernels appearing on the ears of these 

test crosses have made it possible to write the genie constitution 

of the chrohnosomea 9 in this plant, Crossing over between the normal 

chromosome 9 and the DupXioation chromosome 3 in the region of the distal 

duplicated seqment ocmrrsd Prsquently and. was normal in relative 

frequencies ?sdwaen the marked loci. The percentages in the marked 

regions are given In tables 16-a and 16-b. The explanatory supglemnt 

accompanying each of these tables will make this evident. 

MO 4x - wx variegation or rmtenaifet wx seatora mgularly appeared 

in the C 8~ arem of the variegated ket"nels of table 16-a. iall of the 

C bz areas were wx; none showed ,;ix - wx mrieq=otion. In the croaa to 

the c3 ah 2% wx da aa female planta, the: Ds mutation in the C Sh Jx 

kernela ramlted in c sh wx ssators, Ho 8x - wx variwqaf:Vm wus 

present in the C am?&8 and, a8 stated, all the c Etrellis were wze, iagain, 
l.ar$'t$ wx $eOtOI=e W8X'e) not a$mHn‘inag in the C nrease This type of’ 

varfagation would be expected if only one 3s locus were ~refmnt and 

if' its position wera %o the ri&t of the proxfrPal duplicated segment. 

It Bhould be noted that none of the C 8h bz wx or C Sh I3z ax kernels in 

table 16-a wus C - o variagateZr None should be variegated for these 

kernels 6houI.d hsve a nomal chromosome 9 with no 3s locus. These 

C Gh bz wx and I: Sh Ba wx chromesames arose from a crossover in 

regions 1 and 2, respectfvs3y, Xt should bc noted that no C ah bz iiix 

kernels were produced. These would apaaar onl:r if a -rollen grsln 

carried a double cross-pver chromtid (regions 2 and 3). Such a double 

moss-over ohromtid should nppear ral&hvcljt infrequently, No such 
ahrornatSd was represented on this em. 



C sh bz wx ds act Q I Act Aa d 

+ Sararaf hav6 a few wx sppot;pI. 



~Uj3~l8BMMlt to table 16-a 

C da sh bss iix Hx Bps Bh Ds - C Bz-C bzt,sh,Wx-wx 

C da Sh Ba ux 46 - c Sh Bz wx 

c de sh b% wx iix Bo Yh De - C Bz-C bra,Sh,Vx-wx 

C drs Yh Bz ‘fJx ds - C Yh 3% Jilx 

1es 

10 

74 

13’ 



Table 16-b 

E, 
c ahdwx ds ao 9 I 4%28X,+1 & 

Crosrs C Sh Wx 5 C-o, Sh-ah, c Sh wx ; C ah 8x 'C ah wx Odds 
nowvarier- ux-rrx 

43474 x46z0k1 

44lEW=2 x 4628~3 

44181r-2 x 462BE1 

30 



Table 17a 

C sh bz ux da ac 0 x C da sh bz Ix Ix 3% Sh De2 Ac\ a0 d 
C ds sh bz wx ds 

4628L-2 

Cross 

4361-16 x 462815-Z 

C 3a-C bre, Sh-sh, C sh be 11: C sh bz wx 
Wx-orr 

(Ao ac aer) 
non Varia&Aed 
(Au ac 80 and tAa ac ae and 

60 UC &Cl 80 SC ac) 

fi9 11 255 

4366-Q x 4628X,-2 33 34 11 245 

Tot&3 96 33 22 &OO 

cr068dwer region 

i C da sh bx dx _ 3X 132 Sh B62 -- 

Cross-oters: C ds sh bz wx :4x Wx Bz Sh Ds2 .mplication chroBlosams 9 
C ds sh bz iix dei R'oxasal chromosom 9 - 22 
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3 

* Too hi&q prabably inoludae 3 98, or Mo Au d  $cmksteer due to lossr 

OF transpo8itian of Ds or no, 

Smry of arossing overrz iiqion 1 t 35.7 

Region 2 t 0% 

Doublss : 0,72$ (nith TIC) interferemoe 
wou1a expect 2.27%) 
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Plant 4628L-2 was similar ta plants 4628X-l and K-2 in th% genie 

and ohromaaoma~ oonstitutione ai ltte chrornosolaes 9, It WQ~B hetsrosygoua 

ror AC (A0 a~), In CX‘O81-29 to C ah ba wx ds QC ffemala plants, henlf 

of' the C Sh Rs RX ea~rylxq kernels wt9m C Bla - C bz, Sh - sh, +Ix - wx 

variegated (the AO a6 80 kernala) curd half were am-variegated (the 

a~ ac ac kernels), table 17-a. Again, in this mom, 8 small 

peroenttiige of the C sh ba kernel& were Xx [4,2$) and aiS]ain, nom of 

them kernel81 wftm 'Ivx * #x vari~?~eitedr The remon for this has been 

stated previously in the description of similar cromm involving 

4628L1 and K-2. 

rihon plant 46&8E*2 watts cra~s~d to a c sh Bit wx Qap ac lemals 

glsnt, the expected types of kmne2e appeared, table 17-b. %lf of 

the C 3h 'Nx kernels were non-vnriegpxtad tend half were C - C, :7h u ah, 
Bx - wpx vsrii3gat6& In the: varieguted kernala, all Q arem were wx 

and no large wx asotor@ were regularly apparing in the C eirea~~ Thk 
13 C sh Bx kernels (3, of the ah clam) were non-variegated, To 
repeat, efnce they otzsry 8 nomad chromosome 9 wit?1 no 3s locus, no 

variegation should pilppe?~, 

Plant 4tl28L-2 was crossad to a c ah ?Vx, AC AC femle plant. The 
karnel6 merultiqf from this c3rof3f3 am Indfcrat;ad in table 17-0, No 

obvious C - Q mulegation aoulc¶ be obeerved in appraxi:mtely half 

of the C Sh kernela~* These are probably the ko Alo AC kcene1s. The 
kernola sh0wlng c - c variegation bud ri. p5ttesn of Da mutations 
oharactarlstic of Ao AC ac constitu~tions* ;qrtin, it may be noted that 
no c - c variegation was present in the r; sh class of karnels. 

Wo varifsgntlan is expeett%l. 



Table 17 b 

4347-24 x 4628r.m2 : 39 

C drs sh 

C ds sh 

Duplioation chrfmtosme 9 

C de, ah 

Total kern8ls - 404 

Rmnal chronroaom c&se : 330 

- 13 

crossovers t 3.96 





Table 18 

Flants arising from rarions lcarnels &m self-~ollinat&:; plant 4306 (see Table 3). 
Chro~aosoml and #~enic donstitutions of plants of culture 4W8; stab-btiltur8S C to L. 

'1Ih_JP* - Dupuaattion chroBaosoae 9, Ror . = Hormal chrcvsrrosom 9 

Plant chrolaoso~e 9 aonstitution Xotltrrrtor Table or pa@u Gppwrance 0r 
Qon8t1tution rsfer4xuHl k8rn81 from which plmlt arose 

4628~9 

* O-10 

q D-11 

- B- 1 

" F- 2 

*a-1 

"c-2 

"G-3 

Table 7 I Sh AI 

Table 8 

Tetble 8 

Table 9 I 9h wx 

Table 10 (S88 ptQ38~t;3 I Sh wx 

Tab18 11 

Table 11 

Tnbls 11 

I-C Bz-C ba, Sh-sh,wx 

1-c 32-C bx,sh-sh,wx 

1-c Ba-C bz,Sh-sh,wx 



Tab18 18 cwntfnued 

4628l.b3. 

* FL2 

n I-1 

" x-2 

n K-1 

* K-2 

" El 

" L-2 

Nor. I De1 Sh Bz mt 
Eor.Cder shbzwx Ai0 a6 

PJar* c sh bH wx RQterofbrtilization 
Nor. C sh bz wx 

IYOt tested 

Her. f: Dsz sh bz wx da 
Nor, c ds sh bz wx ds ac au 

Dup. C der sh bz #x Ix 3% Sh ?3s2 
Nor. C ds srh bz wx da Aa Au 

Dup. 2 de sh bz @sx Ix %s 3h D& 
NOT. C ds sh bz wx ds 

Dup. C ds 3h Bts; #x #x %z 38 D& 
Nor. C ds leh bz wx ds 

ad 4c 

be AB 

Dtzp. C ds sh bz ij(x 47x Bzr Sh Dasf? 
Ror. C ds ah bz wx ds Aa aa 

Tab18 12 

Table 25 I eh az 

Table 14 C 3h Bo vVx 

Table 15 C Sh Br Esx 

Table 16 

Table 17 

I-C BeC bz,Sh-sh,wx 

1-C Bz-C bz,Sh--sh,wx 

I ah wx 

C Bz-C bz, Sh-ah, 
4x0ax 



5. Coaalderationf of th@ events remms,fble for the trananosftioa 

af the ,JIs Amus 

Thtb genetie analyses of the plants 5n culture 46219 has allowed a 

reconetruation to be lausde of the genicr and morpholo#iaal constitution 

of the chronosorne 9 in the mother plant (4306). All the tested plants* 

exO8pt 46280-9, had one normal ohromoaome 9 carrying C sh bz wx. The 
aonstitution of tha, hotpologours chrcrmosone P ia some of the sub-culturee 

(Dt B, 0 and B) could be antiofpatad frona the.tgpe of varlctgation 

appearlnfz on the kernels from which these ‘plante arose. The aonatltu- 

tiona of plants in autwoulturas P and II could likewise be anticipilLt@d 

Mthin thy sooge of several simple alternatives. The nlanter In sub- 
aultuses K and L eould have a numr)es of different chrcmosonaa3 and 

grmlc oonstltutlone* To Uetetrraine the axact const~tutlcms of each 

plant would require the tests that heme beean dasozlbed alxme. 

Figure 1 has bsen eonstructad to mke this ant:clpatlon readily 

appraol.ated, Sub-oultures D and X probably received a non-crossover 

Dupliaatfon chromosome 9, Plant 46281-2 and. L-1 received chromosoms 

arising from a erossovor in Revlon 2 in the Bother plant, The crossover 

chromatid in 4628X-2 Is the raoipmcal of the one present in 4628L-1. 

Region 4 has the longest unit mossover distunce, A oroseover in this 

region woulff give r2se to a morphologlcallg norm1 chromosom 9 with 

I d Sh BZ WX and 8 DUgI.ioatiOn ohrOmO@aBB 9 Whth C US sh bZ <IX AX Sz; Sh 

ma2. These two classes of recigmcal C~OBSQV~~ chrcmstids should be the 

most. frac,uont of all of the crossover classes of chrom&ids And there- 
fore t'tmy should be the most frequent ones mmvered in 8 self- 

pollinatSon or 8n outcross, Although the numbers are few, the malysis 

of the genie conatitutfons of the chromosomes 9 in the plfints in sub- 

cultures P, Cc and E and fn sub-cubtures fl and L are in a~:rement with 
this oxpectatlon, 





The order of the aenes in the gmximl aegmnt -has bean given 

little oonslderation Sn the greaedinp, discussion, XL is ncscessary 

to Indiaate, thereram, why this order is reouirsd md why the 

particular marked loci have bgtm p3,aoed in this 18egmnt. The unalysis 

of thts symqtic conP1,@rations'of EL norm1 chromosome 9 md tt?lc Dupli- 

cation ahromosorm 9 in the heterozygous plants (pages ) and the 

analysas of tha chmmosoml and genie aonstitutfans of the recovered 

crossover ehrotitida alow> with their traquenciea, bus indicatted tha 

aomposition and order of genes in tha distal of the %wo duplicated 

ategnaoz rlts (I It is aoqmared of a unit ol the normal short mm of 

chromosome 0 that bsgine just to the rip&t of the I locus and extends 

to a locus mproximtaly 4 unite3 to the right of r$x, It is p,reaPent 
in the iSug3,ication chroatosama 9 in tha norneil order, as these srtudies 

II&we shcwn * -4 De loaus is present at the junction sf this unit with 

the distal third oI' the short amr In other words, the 3qKlicatlon 

ahromosorm 9 hraaa a noma &QEL~O and chmm&oml como~ition from the 

and of the short emu to d position approxSmtely 4 crossover units 

beyond Ax wit% the erxception, however, that a Ds loaua is premmt juet 

to the right of' tha I loauap. 

Tha ;prtM~~l dupli~ted ge@@nt ~~e3t contain Sh, BZ md {ix, The 

preaenae of gr &II this rqmmt 1s indicted by ths aromes of 46!38K-1, 

lb8 and L-E to C eh bz wx female Tlmts, IF nu Wx laauk~ were prbmnt 
in this amgmnt of if wx wefra pmment, one should obtain somat C Sh Rs wx 

karrnels and thosle haviag Aa should be C I32 - C bz vasle~~tett, They 

ehould appaar 5n apgroximat&l.y 4s or the C Yh Bz class ior they would 

be the rmiproaals of the C Bh bz tix ksrnslst 



&ah kernels would not appear, hawaver, if' 8 vifx laaus w6re cm?ried by 

the proxiiml duplimtrad segw& Such kernels did rmt appsmr in the 

CrosseS* It could be, csonclud~d, thm'efore, thrat 8 Xx locus nuat be! 

present in this mgrmnt. 

Sh and Bz loci nrust likewis@ be present in this se@mt, The 

evidrenae few this ie qqmmmt from eeveral considaratiana. It is meet 

obvicw, of aourse, in the gh@notypet,producad by tha Duplia&tion 

chromsom 0 in plmts 4828K-1, H-2 an8 L-2, It is the 3h md Br; laoi 

in this proxfmral segment that accounts Par the Sh and BP ghenatypss thut 
apptsnr in the kemeles fmm whioh each of them plants arose and in the 

kernels having the Du~limtfon afu\omosona 9 la crcwms of these plants 

to oh bz plants. 

Neither I new C aeon be preraent in ths proximl Uuplicerted 

segment, The abmmce of a C looua in this sagrmnt weipz considered On 

PWP q l The absenae, of' an I looua in this aegmmt Is appa.rsnt frcnn the 

phenotyy?es that rebstit frown D De1 mutation in a.n I Da1 8h Bz Jx Qx Sh Bz 

Km8 / C sh bz wx / C arh bt wx, Ao aa EG kernel, 6% Da1 mutation deletes the 

I locus distal to Dar. The remltiag phenotg3?ct 1~s C. Again, if 3 were 

presrent in this segmnt a Duplication chromoslome 9 with the conatftu- 
tions rshown to bs present in cub-culturas 4628 X and L would not be 

recovered, Thesta chrornosomsJ have no I Il.oous In the prox~l ssgmnt, 

Neither ELII 1 lomm, nor a C locw, therefore, is present In the proximal 





Table IS 

Cross c sh wx 

49680-3 x 4628~.1 383 8 2.4 

43$&-l x 462E3K*l 150 1 o,m3 

BSBI.-3.1 x 4628X-2 132 4 2.9 

4347-6 x 4620%2 214 3 1.4 
446Zb2 x 4628~~2 213 13 5.7 

4361-l& x 4628L-2 255 11 4.1 

4366-O x 4628b2 245 11 4.3 

4347.24 x 4628b2 317 13 3.9 

Totals 1849 %4 3.9 

Totcal kernslst 1913 



it is nrscrfbssarp to inquire into th0 order 0r the genee in the proximal 

8B@K?I'It. 

The order of gmes in the proximal segrmnt his bean determined from 

two $q93%Fsral tjf"peS Of sVidenO82 first, the tmsr Of Vcrfe~ation ?atteIXs 

in the kernels having the Duplfcation chromsom~ 9 zmd secondly, the 

tyms of shromatids that plants heterozygous for the Duplication have 

produced, The ardor oould be (1) I Da1 3h L3z 3x Sh 3z 3x Ds2 or 

(2) I Dsl 3h I32 Xx Hr Bz Sh Ds2, If (1) wertp cmrreot, It would bs 

difficult to axplczin how the large wx areas could arise that frsqumtly 

aggear in the C Ba sIsators in the I - C B& - C ba, Sh - sh, dx - wx 

variksgeJlted kernels of tables 7-a and 8. If the second of the two genie 

orders was present, just such wx region8 should appear bseaum th8 
brankaae-fusion-brid~a cyoles that are Snitiatad by DE? mutations 

should often result in delationa of the two iJx loci from soxm clells 

whilst rataLning the proximal 32 locus, In %he croasss indioatsd, the 

resultini; cells would be C X3x WX~ If order (2) ware present, the C 3% 

motors that a;pe variegated should have some C bz areas within th@m 

that am 8x - wx variegated, iis state4 earl%er, no suoh C ba areas are 

presmt, All oi the C bz areas are wx, If order (2) were premnt, all 

the c bz areaar within the c 3% mctors should be wx for the 8~ 10lci 
should be lost from sorm cells by the breaka~~-fusiofi-bridee mechanism 

bsfore the proximal Bz locus is lost. In other words, Bz will not be 

lost before thb 44x locri are lost, In the crosses af plants 4628 K-1, 

K-E and L2 to C sh bz wx plants, no larga wx areas appeared in the B 3% 

n~ctors of the variegated kernels and norm are expected as thsrs irp no 

Da locus to tho letft of LM2 that, By mutation, could inft$ats a 

dicantrio chromt2d having Bz and i/x in the region betwssn the two 

centromeras, Them several observations, then, strongly support tho 
given inverted order 02 the genes in the proximal sqpmnt, 



Types of chromatkbs that sRuulU be produced by crospling over with order of genes (1) and ‘(2) 
in Bupliaatfon chromomm 9 

Type (1) order Type (2) order 

A. s~paie Of distal SSlpnant of DUpliftiO~ A. sJWk&pSiS Or dfStR1 88@%8nt Of mpf.xOatfOn 
chrcmosollls 9 wfth homologous segment in 

the nomalehromosom 9 
chrommome 9 witch honmlogotm sepmnt in 

norlnal ChroIEloSSme 9 

Region 1 

I ds sh ba wx ds Eiorit~~l ohromomme 
c Dal sh Bz &Ix Sh Bz -8x Ds2 Duplication 

Cb.YP~OSOlmr! 

Be&on 1 

I ds sh be wx de worm1 CR ronms mle 

2 Del Sh 3z 8x dx Ba Sh I)& T)uplfcatioa 
chromosotae 



Region 2 

Figur8 2 ContinU8d 

Region 2 

Region 3 

Region 4 

I Ds' 3h Bz ax ds Ekmmal chromxome 
C de sh ba ;ix Sh Bz 3x Be32 ~3ugllcation 

chromosmne 

.%?~on 5 

I Dd sh bz wx ds 
C ds 3h Bz Zx dx Bz Sh Ds2 

Region 3 

I Drl Sh bz wx de 
s ds arh Bz 'wx 8x Bz Sh Da2 

Region 4 
I Dsl 9h f3z wx ds 

C de sh bz 8x Nx 3z 3h Ds2 

Region 5 

I: Dd Sh Bz iix de 
C ds sh bz wx Ax Bz Sh Ds' 

Ihzglh?atlon 
chronOsOm8 

Eu'srmal chroinosom3 

Duplication 
chromosone 

Eilormal chroaioscme 



Figure 2 continued 

Region 2 

I Thl Sh Bz 8x Sh bz WI da Iupl?lcation 
chmmosome 

X11 single crossovers would give a 
diaentric chromxom and an acentric 
frappzent, The dictmtric chroanosozx 
would be deficient PO?! the terminal 
third of the short ama 

C ds sh bz wx Ds2 Ramal chrcmoscme 



That an inverted order is present is again supported by the types 
of crossover ahromatlds that could appear if type (1) organization were 

present but would not appear if tne (2) organization had been presr3nt 

in plant 4306 or in plantaP 46QRD-10 anb D-11 (table 8). Fl@.~s 2 

illustrates the types of arossover ahromstid that coilld be anticipated 

from :yenia orders (I.) tend (21 83086. Rornologous synq~sls of the normal 
chromsom 9 with the distal segment would give phanotynloally similar 

urossover abromatids in the two cases, 
4 Homologous a,ynapsis of the 

nor-1 ahronosome 9 with the proximal se@nent, if order (1) were 

prelmnt) aould give rise to crossover ohromatids having; the aonstbtu- 

“iLQli@ shown in 3 of fle;ur& 2, The crossover c:.romatAds that slkoufd 
arias from this association Fmve not appeared, 1% order (2) wers 
acrretct, such crossover chronrstIds would not %pnesr, Pram thfs 
neG:atlve evidenoe, order (2) is again indicated, 

It Is possible, now, to reconstruct the events th::tt {have rise to 
this Duplication chralslolsome3 9 with a transposed 3s locus. Three 

assumptions regarding these events are requIreA, (1) ;L De mutatbon 
ocaurred at its uaua& time --late in {PIP developmnt of t&e tsporophytic 
tissues-An a cell of plant 41086~1, Ths chmrnosome in whioh this 13s 

mutation ocaurred was normal 2n morphology and carrfed I 3h Bsr; Jx and 11s 

in its standard locstion, The Da mutation reeoulted in breHkaQ;e of the 
two sister chromatids at the poeftion of the T)s locus in each chromtitd, 

Evidence that a Da mutation brings about breaks in sister chromtids ut 

the lot~ua of 3s is well estabfdshed, This alrPsumption its thercssfore 
legitimate. (2) The Da mutation not only aaumxl breaks to oaailr at the 
position of the Ds loous but resulted in the release of a mbmicrolscopio 

chramstin ssgmnt that czarrfea R 3s lcmm, Thiol released sewnt 
carrying Ds has unsaturated broken ends* St could be lost from the 
ohrmosome compfensnt If fusion &.J;h mme other broken ends did not 



ocaur l Logis of the! Ds XOOUS tls 8 ccnsetq.~e~ce of Da mtatians has been 

ooneidcred Zn datail elsswizere (see report on c-stl mutations, Jtunumy, 

19491, The mmmr of this lolss my be suggmtcsd Pron O&IC?S mob aa the 

one being desaribcd, E4 XL the tmm the that the events described 

in (It) and (2) sccurred, a spmtnncous ci3rcmo13cpxigz break ocaurred, $ust Lo 

the right af the 1 Zoouer in this C;LTO~OMOLI~. qoth sister ahromtidcs 

were broken at the mme locus. ?;;videnoes for %requent qontaneoua 

brcake; in mize is 2ood (MaGlintock, unpubliahad). This uam.mption, 
Lher eeorc , Is legitimately taken. 'i'ilSS@  three events would :;ive a 

a8rles of broken ends a8 shown in A) i&m3 3, T.&on of broken 

enda nould readily oucur to glvs r2.m to the configuration shown 

in 8, f9gure 3" 21s rceruZtlng chromtids am diagrramr~ed in C, f'iwre 

3. .c. DuQlimtion chromsome 9, with aa inverted ordr;r of g~nekl in the 

proxbal duplicated aegmnt and Yzv;n.g a transpcmed LIs Pocus just 

to ths richt of the I locuol is now formed. 

On the Sasls of the depioted xode of origin of the Duplication 

chromosome 9, it zust ba ass.m~d %;:::A the two 3s loof are dsughtsr 

Da loci derived from rcdupllaation of a Lzother '?o locus, Th% 7iuta- 

tima behavior Of the two YIs Lxi in thin chromtmome are not alike, 

Yore dt?erttric chr:,miltid-far~~ip;;: :-.uto-times occw at De a than at -. 
I&. The states of t&e two BB Zclci deffnitely differ from one 

another, 'This is particularly t.p-zaront w&m these two 1004, are 

aennratod by crossing over aa8 tk crossov&E chromatitds isolated, 

‘T%en, tha -!utatlon.al behavior OF ~3~1 my be directly co~pwed -pAth that 

of 3s2, Either u change in state occurred in one or both of the Ds 
loci during or,e of the events that grvfa rim to the duplioution and 

the trsnsgosftion; or Y change in state in one or both i3s loci took 

place mbaecpent to this event, T&em Is no evfdcnce ior any naeition 

effect asaooiatad with the altered grtnic associations of the t,o Ds loci. 



figure 3 
A. 

Position of ChromoSome breaks 

Fusion of broken ends 



Figure 3 C. 

Resulting chroaatids 



ChanGea in state of them two separated DI loci are occurring indepen- 

dently of their positions 8~ ~1 few of tIte vmiegfnted kernels hme 

8h own . 

:igain, it should be emphmizsd that the trmiapo~ition crf the Ds 

LOCUS has not introduced my viaibfe alteration in the appearanas ot the 

chromosome in the region of the trnnamsitfon, E’sbther ha& its 
insertion uffectsd the crossing over in the I to Sh re.eian. To 

refresh this widenae, a summary of this crossing over Zn the crosses 
oi' ?>lmts in sub-cuftuses 4628 Z’, G and Ti me &ven in table 80, 
?hasa observed crossover percentazca are si&3~1r to those observed when 

no Da locus Is nreaent, The imcsted seLwnt carrying Ds mwt 6s very 
ninute--obviously submI.croacoTfc in size, 

The rsnalysia of‘ this case of transnosftion of" 3s haa indfca%ad the 

method for sha1ectin.g those ~aI~?;lvely mre karmls with newly arising 

tirkin3poaed Da LOCI, In the cwomms of I Sh 9z l’ix Do-standard to 
C eh bz wx ds aa plmts, the kernels with aberrant mricgation of quite 

specific ty?ea my be aeleotsd, 3% is psssibl.e, by tM.s meShod, to 
detect those chronoaomeeji having 71s inserted to the left of I, 

between I. anh Bz an8 between 9z snd jiix. d number of such kernels h&vet 

been selected an& an analysis of the trmsposltion of thr Ds locus is 

being conducted. Evidence from t&em other c88ea should be well 
advmc(‘:d by the time the Rreerliiouse crop is collected and certelinly by 

the time the ES.UIEW~ crop Ia hrveated, 



Table 20 

Suramary of crossing OVB~ between I and Sh in plants 402&F-l, 4628011, 
Q-2 and G-3, and plant 4628H-1 

Tabltb 9, 4628B-1 504 28 4.9 

Teble 11-a. 4628b 1461 85 5.5 

Table U-b, 4628b 1243 49 3.6) 

Tslble 12, 462BFi-1 525 19 3.6 

Totals 3783 181 4.7 



Transposition of the Ds locus, April, 1949. 

In the previous account the Case I transposition of the Ds locus, 

Llpri1,1949. the origin and behavior of this case of transposition was 

analysed in considerable detail. Continued examination of this case 

hss resulted in cor:firm:-ttion of the conclusions given in the earlier 

report. In this supplement, the confirmatory evidence will be given 

in the form of appendices. The table numbering will follow sequentially 

from the previous re,;ort. 

Appendix 1 

In the cross given in table 7-c, an AC ac, C sh bz wx ds female 

plant was crossed by plant 4628C-9. This latter plant was homozygous 

for the duplic:ition chromosome 9. Both chromosomes carried 

I Dsl 2 Sh Bz Wx Wx Rz Sh Ds . The plant had one AC locus, k number of 

kernels appeared on the e-tr that showed only a few specks of C color 

(column 1, table 7-c). It could be anticipated that these kelnels had 

3 AC loci in their endosperm cells, two contributed by the female parent 

and one by the male parent. If the AC loci in both plants were loctted 

in allelic positions, the plants arising from these kc:rnels should be 

AC kc. Some of these lightly speckled k::rnels were selected from 

the cross of 4462Ci11 x 4628C-9 (Table 7-C) and plants grown from 

them in the summer of 1949 under culture number 4876A. these plants 

were crossed to: (1) C sh bz wx, ds ac plants (Tables 21-a and 21-b), 

(2) by C sh bz wx, ds ac plants (Table 22), and (3) to c sh Bz wx, 

ds ac plants (table 21-c). 

In cross (1) above, the types of male gametes, with respect to 

chromosome 9 morphology and genie constitution, should be the same as L 

those given in the supplement to Table 8. It was hoped, however, 

that two allelic AC loci would be present in the tested plants so that 
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a more direct analysis of the chromosome and genie constitutions of 

the resulting progeny would be available. The four tested plants 

in Table 21-a had two AC loci. Unfortunately, however, these two loci 

did not occupy allelic positions, as the results given in this table 

indicate. The classes of kernels and their frequencies are those 

expected if these four tested plants had two non-linked, non-allelic 

AC loci. This is shown in the supplement to Table 21-a. It must 

be concluded, therefore, that the AC locus in the two parent plants 

occuppied different positions in the chromosomal complement. In 

all other respects, however, the results are the same as those 

given by plants having the same chromosome and genie organizations 

that were tested in the previous season, Table 8. Therefore, no 

further description or analysis is required. 

In one plant of culture 4876A, the AC constitution of the 

main stalk and the tiller differed. This is shown by the 

frequencies of kernel types obtained when pollen from the main 

stalk and pollen from the tiller were used in crosses to C sh bz wx, 

ds ac plants, Table 21-b. The ratios of kernel types obtained 

when pollen of the main st:tlk w,~:s used indic.?te that only otiAc 

locus was present. The pollen from the tiller gave ratios of 

kernel tyi,es that indicate the presence of two non-linked, non- 

allelic AC loci. It cannot be decided from these tests whether or 

not the tiller gained an AC locus or whekher or not the main stalk 

lost an Ac locus. Either event could account for the observed 

difference in the two parts of the plant. 

Two of the plants entered in Table 21-a were crossed to 

c sh Bz wx, ds ac plants. The t;r;jes of kernels appearing on the 

resulting ears are given in Table 21-d, As the supplement to 

Table 21-c indicates, the types of kernels and the ratios 
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observed are those expected from the stated constitution of these 

plants. 

In Table 7-c, one aberrant kernel was recorded. This kernel 

had the phenotype C Sh Bz Wx and was non-variegated. Such a kernel 

was not expected to appear following the cross given in Table 7-c. 

A plant was grown from this kernel. It was crossed to a c sh Bz wx, 

ds ac plant. There were 345 kernels on the resulting ear. 51 were 

C Sh Wx, non-variegated; 2 were C sh Wx, non-variegated and 292 were 

C sh wx, non-variegated. :Jhen the plant was crossed to a C sh be wx, 

ds ac plant, the resulting ear showed 27 C Sh Bz Wx non-v-iriegated 

kernels, 23 C Bz + C bz, Sh, WXVWX (bz areas wx) kernels, 2 C sh bz Wx 

non-vriegated kernels and 116 C sh bz wx kernels. The plant was 

likewise self-pollin.ited. The resulting ear showed 229 C Sh Bz Wx 

(a number were variegated) one C sh bz Wx and 156 C sh bz wx kernels. 

If the tested plant had the constitution Duplication C sh bz Wx Wx 

Bz Sh Ds/C sh bz wx, ac ac, just such ratios following the given 

cross would be obtained (see Tables 15-b, 15-c and Tables 

It is suspected that contamination was responsible for the appear'nce 

of the aberrant kernel in Table 7-c,or that the pollen grain that 

gave rise to this kernel had a deficiency in the distal segment that 

indlud$dG the I.Ds, Sh,and Bz loci. Only further tests could 

distinguish between these two possibilities. 

In the April 1949 report, no evidence was presented for the 

transmission of the duplication chromoso;Ae through the egg parent. 

Plptnts heterozygous for a normal and a duplication chromosome 9 

give reduced transmission frequencies of the dulication chromosome 

through the pollen. The ratios of ti C Sh Bz Wx kernels to -&3ae 

C sh bz 'dx and C sh bz wx kernels in the crosses of C sh bz wx by 
@~ 

Duplic:ition C sh bz Wx Vix Bz Sh Ds/normal chromosome gA C sh bz wx 
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indicate the transmission frequencies through the pollen of the 

dupication chromosome 9. Compilation of the data from Tables 

Duplication chromosomes 9 to 

give a ratio of 

normal chromosomes 9. Such a 

reduction in transmission of the duplicated chromosome is likewise 

evident when plants of the constitution I Ds 1 Sh Bz dx V/X Bz Sh Ds2,' 

C sh bz wx are crossed to C sh bz wx. Because tpe crossing-over 

between the aistal lZrx locus ?nd the proximal segment is low, the 
the 

frequency of the Wx to,wx class gives the approximate frequencies 

of transmission of the duplication and the normal chromosome. The 

combined data from Tables 8, 21-a, 21-b and 21-c show 1694 Wx to 

3331 wx kernels. In the reciprocal cross, no such reduction in 

tr,insmission of the duplication chromosome is expeeted. Pour of 

the plants entered in Table 21 were crossed reciprocally. The 

results of these reciprocal crosses are given in Table 22. 

Because of the presence of 4 AC loci in the endosperms of many 

of the kernels, it was not possible to make an accurate classification 

for the presence or absence of AC in all the kernels. In the table 

a significant reduction in the Wx class is evident. This is 

probably not related to a reduction in tr*tnsmission of the dupl.ic:.ltion 

chromosome. Rather, it is related to Ds mutntiofls occurring 

before meiosis that produced non-female transmissible deficiencies, 

Data given in Tables 21 and 22 show that crossing-over 

between the normal chromosome and the distal duplicated segment in the 

Duplic,*tion chromosome 9 is relatively little affected by the 

presence of the duplication. This would sugi;est that synapsis is 

not seriously disturbed by the presence of the dur>lication; otherwise, 

a considerable reduction in crossimg-over between I and Wx would be 

evident. 
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Appendix 2 

In the summer of 1948, pl:-int 4628K-1 (Tables 14-a and 14-b) 

having the constitution Dup. C sh bz Wx Wx Bz Sh Ds/C sh bz wx, 

AC/AC, was crossed by plant 4628L1 (Tables 16-a and 16-b) with 

the constitution Dup. C Sh Bz Wx tix Bz Sh Ds/C sh bz wx, AC AC. 

It was hoped that some of the plants arising from the C Sh Bz Wx 

class of kernels on the resulting ear would be homozygous for the 

duplication and for AC. The ear was small and only a few kernels 

of the desired type were available for testing. Six of these kernels 

were planted in the summer of 1949 under culture number 48q8 but only 

4 ob khPrm @rminated. The constitution of three of these plants 

were exactly like the female parent plant (4628K-1, Table 14) as 

the results of reciprocal crosses with C sh bz wx, ds ac plants heave 

shown, Tables 23, 24, and 250 

One of the plants in culture 4898 (4898-2) had the constitution 

Dup. C sh bz Wx Wx Bz Sh Ds/C Sh bz wx, AC AC. The duplication 

chromosome must have been contributed by the female parent plant 

whereas the normal chromosome with C Sh bz wx arose from a crossover 

in region 1 of the male parent plant (see supplement to fable 16-a). 

Reciprocal crosses of this plant with C sh bz wx, ds ac plants are 

given in Tables 26-a and 26-b. The cross of this plant to a 

c sh Bz wx, ds ac plant gave the kernel types listed in Table 26-c. 

Crossing-over between Sh and Wx in this plant was very high in the 

microsporocytes but a much lower frequency of recovered crossover 

chromatids ca3rne from the megasporocytes. Such high rates of crossing 

over in this segment of chromosome 9 have been encountered when two 

normal chromosomes have been present. A reduced amount of 

crossing-over in the megasgorocytes as compared with the microsporocytes 

has likewise been observed in numerous tests. 
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Appendix 3. 

In the crosses of C sh bz wx, ds ac plants by lit ac plants 

having the Duplic;-ition chromosome 9 with I Ds' Sh Bz Wx Wx Bz Sh Ds2 

and a normal chromosome 9 with C sh bz wx, a number of dkstinctive 

kernel types appeared (Table 8). The projected constitutions of 

these kernels are given in the supplement to Table 8. In order to 

determine whether the projected constitutions were correct, some of 

the kernels from the cross-over classes were selected from two of 

the crosses, 4462C-8 x 4628D-11, and 4363-17 x 4628D-11 (Table 8) and 

grown in the summer of 1949 under culture numbers 4877 and 4878, 

respectively. Two plants arising HM&~X~~~IX~&UC~XHZUXI~Q~XX from the 

I+C BzqC bz, Sh+sh, wx kernels (4877A), four plants arising from the 

C Bz+C bz, Sh+sh, Wx+wx kernels (4877C) and the plants arising from 

two C Sh bz wx kernels (48773) in cross 4462C-8 x 4628D-11 were 

tested for their chromosome 9 constitutions. In the cross 

4363-17 x 4698 D-11 (Table 8), four plants arising from the C Bz-C bz, 

Sh-sh, Wx-wx kernels (4878D)were tested for their chromosome 9 

constitutions. 

Table 29 gives the ratios of kernel types obtained when the two 

plints arising from the I BzaC Bz$ bz, Sh+sh, wx kernels were crossed 

by C sh bz wx, ds ac plants. The results are those anticipated from tl 

given constitions shown in the heading to this Table. The plants 

arising from the C Bz-C bz, Sh-sh, Wx-wx kernels should all have the 
of 

Duplication chromosome 9 but the genie constitution could be,several 

types, as the supplement to Table 8 and Figure 2 illustrate. 

Crossing over in regions 1 to 5 wo.%ld give the following genie 

constitutions in the duplication chromosome: 
Region 1: Dup. C Ds' Sh Bz Wx r\lx Bz Sh Ds2 

Region 2: Dup. (2 CJh Bz Wx Wx Bz Sh Ds2 

ie 
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Region 3: Dup. C sh $2 Wx 'Wx Bz Sh Ds 2 

Region 4: Dup. C sh bz tix jlix Bz Sh DsZ 

Region 5: Dup. C sh bz wx Wx Bz Sh Ds* 

Because crossing-over in region 4 is the highest, the ma,jority 

of the C Bz-C bz, Sh-sh, Nx-wx kernels in the cross shown in Table 8 

should give plants with the constitution: Dup. C sh bz 'Wx Ihlx Bz Sh Ds/ 

C sh bz wx, AC ac. Of the 8 tested plants arising from such kornels, 

were definitely Dup. C sh bz wx Wx Bz Sh Ds/C sh bz wx, AC 'ac 

(Table 27, a and b), were dup. C sh bz idx(or wx)Wx Bz Sh Ds/ 

C sh bz wx, AC ac (Table 27-d). The tests of the latter plants were 

inadequate for determinbing the presence or absence of the distal 

wx locus. One plant, 4878D-1, had the constitution "up. c sh Bz i/x 

Wx Bz Sh Ds/ n ,rmal chr. 9 C sh bz wx, AC RC, :-is the resuY.ts of the 

cross of this plant by a C sh bz wx, ds ac pl:int indicate (Table 28). 

The constitution of the duplication chromosome in this plant resulted 

from a crossover in region 3 of the nxreu:t plant. 

In cross 4462C-8 x 4628D-11, Table 8, the 2 C Sh Bz wx kernels 

could be expected to a;:pear following a double crossover in regions 

2 and 4 in the male par*ent. A normal. chromatid carrying C Sh Bz wx 

wo.ld result from such a double crossover. lhe plants arisi:,g from 

these two C sh bz wx kernels were crossed by C sh bz wx, ds, JLC ac 

male pl,ints. The results of this cross, Table 30, indicate trle 

presence of two normal chromosomes 9 in each plant. No evitie-r,ce of 

a Ds locus in the C Sh Bz wx chromosome appeared in either case. 
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Appendix 4. 

Table 14 gives the types of kernels a;;pearing when a Duplication 

C sh bz Wx Wx Bz Sh Ds/ Normal C sh bz wx, AC AC plant was crossed to 

a C sh bz wx, ds ac plant. \Vith regard to genie constitutions of 

chromosomes 9, four types of gametes could be expected to be 

produced by the male parent. These are: 

Non-crossover chrornatids 
(1) Dup. C sh bz Wx Wx Bz Sh Ds 

(2) Normal C sh bz wx 

Crossover Chromatids 

(9 Dup. C sh bz wx Wx Bz Sh Ds 

(4) Normal C sh bz Wx 

The genie constitution of the chromosor;es 9 of seven plants arising 

from the C Bz-C bz, Sh-sh, Wx-wx kernels of Table 14-a were tested. 

96 to 98 percent of the plants arising from these kernels should have 

the constitution Dup. C Sh bz Wx Wx Bz Sh Ds/Normal C sh bz wx, AC ac. 

All seven tested plants had this constitution. Six plants were 
seven 

crossed by C sh bz wx, ds ac plants, Tables 31-a. All ';' plants 

were crossed to C sh bz wx, ds ac plants, Table 31-b9 One plant 

was crossed to a c sh Bz wx, ds ac female plant, Table 31-c. 

Two kernels in Table 14-a were classified as possible C Sh bz wx 

kernels. Such phenotypes were not expected in t!lis cross. To 

determine if Sh ~8s~~ actually present, plants were grown from these 

two kernels and self-pollinated. The self-pollinated ears showed only 

C sh bz wx kernels. The Sh classification in Table 14-a is therefore 

ernoneous, as anticipated. These two kernels should be moveh to the 

last column in Table 14-a. 
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Appendix 5. 

In Table 16-b, which gives the types of kernels apiJe2ir?ng from 

the crosses of c sh Bz wx, ds ac female plants by a Dup. C Sh Bz Y/X 

Wx Bz Sh Ds, AC AC pla 
~~Ceordnoa w /6b\& Sh-t 

t, 
2% 

a single aberr:int kernel was observed. 
ML4 6, -r&j w'pg")"iml 

This kernel was sown in the summer of 1949 and the pl:int arising from 

the kernel was crossed to a C sh bz wx, ds ac plant and a c sh Bz wx, 

ds ac plaint. The ty;es of kernels appearing on the two resulting curs 

i:.dicritc:d that this plant had the constitution I Sh Bz wx Ds-Ac/ 

c sh Bz wx-ds ac. This constitution could not have been produced by 

plant 4628L-1. The aberrant kernel in Table 16-b, therefore, 

represents a pollen contamination and should be removed from this table. 

Appendix 6, 

In the crosses of C sh bz wx, ds ac plants by Dup. C sh bz l\ix 

Wx Bz Sh Ds/Normal C sh bz wx pl:-ints, Tables 14-a, 15-a and 15-c, 

a few C sh bz ,dx kernels appeared. These were interpreted to arise 

from crossovers as indicated in the supplements to these tables. 

They should have two normal chromosomes 9. Plants from seven such 

kernels were examined cytologic,illy and all seven showed two 

morphologically normal chromoso;:les go Two of the plants were self- 

pollinated, Table 32-a, and two were crossed by C sh bz wx plants, 

Table 32-b, and one was crossed to C sh bz wx, Table 32-c. The 

expected rntios for Wx and wx were obtained. 

A ppendix 7. 

In the cross of a c sh Bz wx, ds ac female plant by pl,tnt 

4628L-2 which had the constitution Dup. C sh bz V/x Wx Bz Sh &/normal 

C sh bz wx, kc ac, an aberrant kernel appeared. This cross is not 

given in the April 1949 report but is similar to that recorded in 

Table 17-b. This exceptional kt?rn.el was colorless and showed 

Sh-sh, Wx-wx vsiriegstion. A &,nt was grown from this kernel and 
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crossed to a C sh bz wx, ds ac plant, Table 33-a, and by a C sh bz wx, 

ds ac plant, Table 33-b. These tests showed that the p1;in-t carried a 

Duplication chromosome 9 with C sh bz \fx Wx Bz Sh Ds. The phenoty:>ic 

appearan:e of the kernel from which this plant arose may h:lve been 

produced following an e:lrly spontaneous break that deleted the C locus ,.\I 

and initiated the breakage-fusion-bridge cycle that produced the 
.< 
bW 

Sh-sh, WX-wx V*triegatiOn. 

Appendix 8. \ 
i* 

In order to obt,iin,plnnts h :ving a chromosome 9 with I Ds Sh Bz vix,; 

ic a$, 
I,:- i , ? - 2:j / j(>+, 

.I I Bz$ Bz+ bz, Sh Wx kernels we-"e selected from the ear of & 
,r, 9.k \ 

C Sh bz Wx/c sh bz Wx, ac ac female plant by plant 4628G-2 that was 

I Ds Sh Bz wx/C sh bz wx, iLc ac. Two plants arising from such 

kernels were crossed to C sh bz wx, ds ac female plants, Table 31-C, 

The supplement to Table 34 indicates the t;,rpes of kernels that should 

appear following crossing-over. Crossing-over in region 3 gave the 

desired constitution: I Ds Sh Bz dx. In these kernels, the C Bz 

areas were v:riegated for C bz and the majority of these latter areas 

were dx-wx v:Iriegated. This is the expected variegation pattern 

that should be produced from dicentric formation$s at the Ds locus, 

immediately to the right of the I locus, which initiates breakage- 

fusion-bridge cycles. 

In these crosses, there were 6 C Bz-C bz, Sh-sh, wx kernels. 

Such phenot*:rpes could arise from crossovers in region 1. It is 

possible, however, to obtain such phenot;;pes from I Ds Sh Bz wx 

chromatids if a Ds event or events occurs early enough to eliminate 

the I locus from all of the aleurone cells. This occurs in a small 

fraction of kernels when Ds mutations take place early in developm-,nt. 

Plants arisi:,g from all 6 kernels would need to be tested to determine 
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whether or not erossing-over in region 1 or early loss of I following 

Ds mutations were responsible for the appearance of the C Bz-i: bz, 

Sh-sh, wx phenotype. 

Appendix 9. 

The position of Ds in this c,:se of transposition is deffnitely 

between I and Sh. That it is close to the I locus has been apparent 

from vtrious crosses previously described. Calculations of the 

crossing-over between I and Ds (see p‘lge 16) gave a percentage of 

0.74. This value was derived from the frequency of the C Bz-C bz 

kernels in the crosses of C sh bz wx, ds ac female x I Ds Sh Bz wx/ 

C sh bz wx, AC ac male (Table 11-a). 

Tests for the presence of Ds in the C Bz chromosome of plants 

arising from C Bz- C bz kernels of tables lla and 12-b, and the 

C-c k<arnels of table 11-b and 13-c, were conducted by growing plants 

from these kernels and testing for the presence of Ds. Twelve 
variegated 

kernels were selected from,kernels, some from the crosses entered in 

Tables 11-a, 12-b and 13-c, and some from crosses not recorded in the 

April 1949 report. Two kernels that were doubtful varieg:ites were 

likewise selected and the plants grown from them tested for Ds. 

The various selections are given in the accompanying scheme, Scheme 1. 

(Insert Scheme 1, page 43) 

information concerning the origin of the selected kernels, the 

nature of the variegation, the projected constitution of the derived 

plant, rind the culture number of the plant may be seen from the 

arrangement in this scheme. The first 10 k-,rnels in the shheme 

were certain varieg?tes. Nine germinated to give plants .tnd all nine 

pl:.ints were tested for Ds. ihe last two kernels in the scheme were 

uncertain variegates. The kernel that gave rise to plant 4885 h<id 
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I 

cross Tabie 
Reference 

'; Phenotype of selected kernel 
f 

j 
Projected constitution of plant 

trising from kernel 
I 1949 Culture Numbar 

C sh bz wx, ds ac ? x I Ds Sh Bz wx iic 9c 
C ds sh bz wx 6: 

4363-14 x 4628G-2 
4462C-\a x 4628G-3 Not 

11-a 1 C Bz-C bz, Sh-sh, wx 
in April C Ds Sh Bz wx 4884 

1949 report 1 II 11 II C ds sh bz wx 4887B 

C sh bz wx Q x 
c Sh bz 'iVx I Ds Yh Bz wx ;Lc ac fi 

'2 ds sh bz wx II 
c Bz-C bz, Sh-sh, Wx C Ds Sh Bz wx 

C ds sh bz Wx 
4358A-2 x 4628G-2 C-c Sh Wx C Ds dh Bz wx 

c ds Sh bz Wx 4883C 

Norm0 C sh bz wx 
Re. c Sh Bz wx 9- x c 

I Ds Sh Bz wx Ac 
ds sh bz wx 

zc 

6 
4365-3 X 4628H-1 12-b 

C Bz-C bz, Sh-sh, wx 

c-c, Sh, wx 

C Ds ah'Bz wx 
C ds sh bz wx 

Norm. C Ds Sh Bz WX 
He. c ds Sh Bz wx 

489OC-1, 489Oc-2 

489OD-1, 489OD-2 

c sh Bz wx, ds ac$ x 

4347-22 x 4628G-2 
11-b C Ds Sh Bz wx 

c-c, Sh-sh, wx c ds sh Bz wx 4886 (no germillation) 

Re, c sh Bz Wxds 
N0rm.C Sh Bz wx DS 9x c 

I Ds sh bz wx kc L~c 67 
ds sh bz wx r 13-c 

4380.11-8 x 46281-2 

Re.cshBzWx Q x I Ds Sh BZ wx iiC 3C 11-b 
C ds sh bz wx 8 c-c, Sh-sh, Wx Norm, C Ds Sh Bz wx 

4353-Z x 4628G-1 
Re. c ds sh BZ VX 

C sh bz wx, ds ac ? x I Ds Sh Bz wx Ac ac 2 I 
11-a I One area only of Presence --of Ds in 

C ds sh bz wx I C Bz-C bz, Sh-sh; c Sh Bz wx chromosome 4885 
4684-3 x 4628G-3 wx uncertain / _- 

Possible C-c kernel 
but not certain 

Eresence of Ds in 
C sh bz wx chromosome 

uncertain. 
4891 

- 
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only an area of C Bz - C bz variegation. Tests for Ds were negative. 

The variegated area in the kernel from wGch this plant arose may have 

come from a spontaneous breakage in the chro::!osome 9 carrying 

C Sh Bz wx loci in one cell mid-way in development of the kernel, 

The kernel that gave rise to plant 4891 was not certai!:ly variegated. 

A few specks that could h:lve been interpreted to be c in phenotype 

appeared in this kernel. These c specks were suspected to be the 

result of poor color development. It was thought wise to test for 

Ds in the plant arising from this kernel. No Ds W:_LS present in 

plant 4891. 

The nine plants arising from the ten certain variegated kernels 

were tested by crossing to (1) C sh bz wx, ds ac, (2) c sh Bz wx, ds ac, 

and to (3) Rearrrznged chromosome 9 c sh Wx, ds ac female plants, 

Tables 35 to 41. 

The types of kernels appearing on the ears when plants 4883B 

and C were crossed to C sh bz wx, ds ac plants are given in Table 35. 
;- r ;c- ,iz "* 

The presence of Ds to the left of Bz is indie,-i-ted in the supplement n 
to T.ible 35. The variegated kernels may be used to obtain the crossover 

frequencies between Ds and Bz. This gives a frequency of 5.8 percent 

which is the amount exj;iected if Ds were immediately to the right of the 

c locus. Yl-int 4883B was crossed to c sh Bz wx, ds ac female pl:intS 
:- '." f c, 

giving the kernel types shown in Table 36. A high percent of 

crossing-over between Ds and wx is to be expected, giving a chromoBome 

with C Ds Sh Wx. When AC is present, such a chromosome will give 

C-c variegation in the indicated cross. The c areas should be VJX-wx 

variegated because of the formation of dicsntric chromcrtids just to 

the right of the C locus. The presence of Wx-wx variegation was 

evident in all of the C-c kernels that carried Wx. ' .y . ,_ -, The presence of 
. . / >. 3 : -.',* 

Ds to the right-of the C locus was indicated by the absence of 
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twin areas with deep color in one area and colorless in its twin area. 

Plant 4883C when crossed as a pollen pcirent to c sh Bz wx, ds ac 

pl:tnts, gave the kernel phenotypes entered in Table 37. Crossing-over 

between Ds and wx, based on the C-c kernels, was 29.4 percent. 

The data entered in Tables 35, 36, and 37 are consistent in placing 

the Ds locus immediAely to the right of the C locus. It may be 

coLlcluded, therefore, that the kernel giving rise to plant 4883B 

:ind pl,ant 4883C IIP~BXIHL received a chromosome 9 that was derived from a 

crossover between I and Ds that had occu-rred in the I Ds/C ds pollen 

parent pl:int (Table 11-a), 

The projected cor!stitution of plants 4884, 4887B, 489OC-1 and 

48906-2 was C Ds ;ih BZ wx/C sh bz wx, AC ac. These plaints were 

crossed to plants that were c sh BZ wx, ds ac in constitution. 

Plants 4884B, 4887B, and 489OC-1 had the expected genie constitution 

as shown in Table 38. Plant 489OC-2, however, had the constitution 

I Sh Bz wx/C sh bz wx. No Ds locus was evident. Heterofertilization 

could account for the discrepancy in kernel and plant phenotypes but 

the absence of Ds events in the I Sh chromosome of the ,,lant arising from 

this kernel suggests that a Ds event occurred in the division of the 

sperm that eliminated Ds from one chromatid (sperm f,ising with egg) and 

initiated the breakage-fusion-bridge cycle in the sister chromatid 

(sperm entering the endosperm nucleus). The data from the three 

plants, entered in Table 38, allow the position of Ds in these plants 

to be calculated. Only the variegated kernels may be used to 

calculate the crosstixer percentage between Ds and Sh. The value 

is 4.5 percent, This is the value expected if Ds is very close to 

the C locus. It is concluded th.at these three plants received a 

chromosome 9 derived from a crossover between I and Ds th:%t placed 

Ds close to the c locus. 
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Plants 4890D-1 and D-2 were given the constitutions projected 

in Scheme 1 (p.-ige 43): Normal chromosome 9 with C Ds Sh Bz wx/ 

Rearranged chromosome 9 with c sh Bz WX, AC ace The projection for 
* &)I 

plant 4882 was normal chromosome 9~'~ Ds "h Bz wx/rearranged chronosune 9 
with c Sh Bz wx, Ad ac. If each of these three plztnts were crossed 

to plants homozygous for c and sh and had no AC, C to c variegated 

kernels should appear ZUXJEM~$J.&EX~E~~KE~~ on the resulting ears, 

Because of the presence of the rearranged chromosome 9 in these 

three plants, the position of Ds in the homologous normal chromosome 9 

could not be determined by crossover techniques. The presence of 

a Ds locus in half of the C carrying kernels (those that have AC) 

is evident, however, in the crosses of these plants to plants 

that were homozygous c sh Wx, ds ac, Table 39. Ylants 4882 and 
each 

4890D-1 were,crosged to a plant homozggous for c sh wx, ds ac. 

The results of this test are those expecte, Tables 40 and 41, 

None of the data in Tables 35 to 41 gives evidence that allows 

a determination of the closeness of the Ds locus to the C locus, 

Tables 9, lw, 11-b, and 12-a, however, do show that this trinsosed 6'. / 
Ds is loc:2ted very close:,'toLthe".I- locus. From these tables, the 

estim:ited crossing-over between 1 and Ds is approximately O.!jO 
'1 !I*.. J.8 

the data in Table 34 project - of approximately 2 percent. 

This value is much higher than the calculated values from the data in 

any one of the other mentioned tables. However, several of the 

six kernels showing a d Bz -f C bz phenotype cprojected crossovers) 
.+%a: .:l(;r *..I j,&ro~rt,-.y~:~ ml&g &y. { [h&b- x&r 

in Table 34 ~J-zx+-$ Ihe I locusqas the consequence of a,Ds A 
event that removed the I locus from one or both sperm nuclei., 

*t will be necessary to test the constitutions of the chrorzosomes 9 
each of 

in plants ftrising from,these kernels in order to determine the 

reason for th&deC phenotypic expression of each, The combined data 

indicate, however, 4 poatieu> 
that Ds lies to the right of I,iand very close to it, 



Table 21-a 

C sh bz wx, ds ac 0 x Dup. I Id% Bz Wx Hx Bz Sh Ds2 AC ac, Xc ac d 
Norm. C sh bz wx 

Kernel type 
!4805B-19 4805B-25'4807-1 4807-8 14803-23 4803-27 4804-10 f 

'ITotals 
j 48;6*-1 4876x-l 487&-3 48;68-3 \487&-4 487&-4 j487k5 "- 

I 

I Sh Hx 23 37 7 7 33 22 ; 22 151 
I Bz -C Bz- C bz, Sh, i?x-wx 111 102 23 28 50 34 82 430 

I Sh wx 10 15 7 6 15 17 28 98 

IBZ -C Bz- C bz, Sh wx 21 21 16 21 30 26 60 195 
I bz - C bz, Sh wx 4 8 4 1 2 2 1 22 
I sh wx not obv. var. 4 4 4 4? 6 3 4 29 

I bz - c bz, sh wx 5 5 4 0 9 7 3 33 
C Sh Bz Ws not obv, var. 15 13 4 7 ,20 9 13 81 
C Bz - C bz, Sh, Wx-wx 
C sh bz wx 

26 

201 

37 4 14 17 

149 60 76 ': 158 
15 19 132 

129 254 1027 

Odds 1 C Sh Bz wx 0 0 1 C Sh Bz 1 C Sh 1 C Sh Bz 2 C sh 6 
wx Bz wx WX bz Wx 

(var.?) 
1 

Totals- 421 391 133 165 ! 341 265 488 2204 



Supplement, to table 21-a 
I a3 ct ; 

I Ds Sh Bz HX Wx Bz Sh Ds2 ..~. ____ ., . . . ._,,^_,. "_ _ ..a-% -_-. I-....m.I- .-.._- ..-., -- --.+-----..""---- It" 1..-. L .I.. - ._ _., ,.~ .__ ,a- - 

C ds Sh bz wx _., ,- .., ,- _____,____c - ._._ _ I ,I_. -.._ . . . .~ . ., . - .- .^ ._ ,. ., .._..-. ..- -. ..Q...- _. 

Non-crossovers: 

Dup. I Ds Sh Bz Wx iVx Bz Sh Ds 
3Ac-I-CBz - C bz Sh 'Wx-wx = 430 

(with reg.,,4 + doubles) 
\l ac - I Sh Wx * Tt = 151 

Norm. C ds sh bz wx AC & ac 

Region 1 

= C sh bz wx = 1027 

Norm. I ds sh bz wx AC 8c ac - I shwx 

Dup. C Ds Sh Bz #x Vfx 

Region 2 

Norm. I Ds sh bz wx 

Dup. C ds Sh Bz T?x Wx 

Region 3 

Norm. I Ds Sh bz wx 

Dup. C ds sh Bz Wx Wx 

Region 4 

Norm. I Ds Sh Bz wx 

Dup. C ds sh bz tix 'i'Jx 

_,3 AC =CBz- c bz Sh Hx-wx (bz areas 
Bz Sh Ds Nx-wx or wx) 

11 ac = C Sh Bz Wx 

3 AC *Ibz- C bz sh wx 5 33 
-- . . . . lac = I shwx 

Bz Sh Dsi 
3 AC - C Bz - C bz Wx Wx-wx (bz areas 

wxj 
lac - C Sh Bz Wx 

3 AC - I bz - C bz Sh wx = 22 

1 ac -1Shwx 

,3 AC = C Bz - C bz Sh fix-wx (bz areas 
Bz Sh Ds wx) 

‘-xl ac - C Sh Bz 'tix 

~ 3 AC - I Bz - C Bz - C bz Sh wx = 195 - .. 
1 ac = I Sh wx 

.* 3 AC -CBz- C bz Sh iilx-wx (bz areas 
Sh Bz Ds wx) 

,lac = C Sh Bz ;;1Jx 



Supplement to table 21-a (continued) 

Region 5 

3 AC r I Bz - C Bz Sh 'IVx-wx 
Norm I Ds Sh Bz 'f/x --- .-- -..- 

-- lac - I ShHx 

.,/ 3 AC - C Bz - C bz Wh "UVx-wx (bz areas 
Dup. C ds sh bz wx Xx Bz Sh Ds wx) --lac = C Sh Bz Xx 

Double crossovers 

Regions 2 + 3 
Norm. C ds Sh Bz wx AC + ac = C Sh Bz wx s 4 

:. 3 AC - I Bz - C bz Sh Wx-wx 
Dup. I Ds sh bz eVx Wx Bz Sh Ds 

‘-1 ac - I ShY!x 

Regions 4 + 5 

Norm. C ds sh bz Xx AC + ac = C sh bz %x m 2 
3 AC - I Bz - C bz Sh Wx-wx 

Dup. I Ds Sh Bz wxiVx Sh Bz Ds 
1 ac - I Sh Wx 



Supplement to table 21-a (continued) 

Normal chromatids 

Non-cross-over = 1027 C sh bz wx 
Regions 1 + 2 = 62 I sh wx = I to Sh 

Regions 3 + 4 = 315 I Sh wx - Sh to Wx 

Regions 2 +* 3 - 4 C Sh Bz wx 

Regions 4 + 5 I 2 C sh bz dx 

Totals 1410 

$ cross-overs region I to Sh = 4.6% (see Table 20 in Report 
April, 1949 = 4.7%) 

$n n n Sh to Wx -22.48% 

Conclusion: 

Presence of Duplication does not interfere with the normal 

amount of crossing over in the region between I and Wx of the 

distal segment. 

Ratio of 2, 3 and 4 from variegated kernels with I 

Region 2 = 33 I bz - C bz sh wx 

Region 3 = 22 I bz - C bz Sh wx 
Region 4 = 195 I Bz - C Bz - C bz Sh wx 

Ratios - 1.5 : 1 : 9 



Table 21-b 

C sh bz wx, ds ac 0 x Dup. I Dsl Sh Bz ?Jx Wx Sh Ds2 AC ac C? (main) 
Norm. C sh bz wx and 

AcTc ac (tiller) C? 

Kernel type 

I Sh Vx (not obv. var.) 

Pollen from Pollen from 
main stalk tiller Totals 
4806-7 4806-4 
487&-2 487:A-2 

41 32 73 
I Bz - C Bz: C bz, Sh, '#x-wx 42 50 92 
I Sh wx 37 28 65 
I Bz - C bz - C bz, Sh wx 

I sh wx (not obv. var.) 12 7 19 
I bz - C bz, sh wx 9 4 13 
I bz - C bz, Sh wx 4 3 7 
C Sh Bz Yx 25 15 40 
C Bz - C bz, Sh wx 

C sh bz wx 

Odds 1 C Sh Bz wx 1 C Sh Bz wx 3 
1 C sh Bz wx 

Totals 425 317 742 



Table 21-c 

c sh Bz wx, ds ac 9 x Dup. I Ds Sh Bz ‘#x 'tix Bz Sh Ds 
Nor. C sh bz wx 

AC ac, AC ac d 

Kernel type 
4705-9 4785-15 

487&-l 487:A-1 
Totals 

I Sh ??x 
(no obv. wx spots) 

22* 

1(-c), Sh,Wx-wx 37 

I shwx 

I Sh wx 

C Sh'ulx 

c-c, Sh, Wx-wx 

C sh wx 

Odds 

14 

48 

5 

22 

169 

0 

25* 

61 

10 

49 

14 

31 

175 

1 C Sh wx 
non-var. 

37 134 

;, 8 ): 27 

15 :: 68 
I 

88 I 432 

0 ; 1 

Totals 
9: 

/ 

317 366 226 j 909 

* Some probably I Ds AC but no losses to give wx during 
dicentric formation 

308 DupJ.ication : 601 normal"W) 
(minus few 

C.O. 4) 
i qj $‘) (plus few 

C.O. 4) 



\ Supplement to table 21-c 

"3 .. J 0 
AC AC AC AC 

xx wx Bz Sh Ds2 -_I -- -.-. __.ll.-- - -.-. I",._ .....-" _ ,. _ ".. _ __,._ ._ ." --.- 

c ds sh bz --. _-__---- .-.-.-.-.-_-..I- .-. _.. . ..wx. --------- - .._ .; ~__ --- 
Non crossovers -~.~D-----_, _ 

+3Bc= 
Dup. I I); Sh Bz 7fx Wx Bz Sh Ds' 

I-c Sh ';'Jx-wx 

'1 ac = Sh 'Vvx non-var. 

Norm. C ds sh bz wx AC & ac - C sh wx non-Tar. = 432 

Region 1 

Norm. I ah wx AC & ac = I sh wx 

( 3 AC - C-c Sh 'tix-wx (c areas ;?x-wx 
DUP. C Dsl Sh BZ 'dx .Y?x BZ Sh Ds2 or wx) 

\lac = C Sh Yx non-var. 

Region 2 

Norm. I Ds sh wx Ac & ac =Ishwx 

'3 AC - 
Dup. c ds Sh Bz ;'Jx'Nx Bz Sh Ds2 

C-c Sh '/ix-wx (c areas wx) 

\lac= C Sh Vx non-par. 

Region 3 

Norm. I Ds Sh wx 
__-.-.- 3 AC - 1(-c) Sh-sh wx (deficient 
1 ._. - classification) 

'- . lac - I Sh wx 

3Ac = C-c Sh VJx-wx (c areas wx) 
Dup. c ds sh Jx 'Yx Sh Ds2 _ 

-lac= C Sh 'fix non-var. 

Region 4 

Norm. I Ds Sh Vix 
3 AC = 1(-c) Sh i'lx-wx 

1 ac = I Sh xx 

Dup. C ds sh 'Gx Wx Sh Ds2 
3 AC = C-c Sh Yx-wx (c areas wx) 

Regions 2 + 3 
1 ac 

Eorm. C Sh wx Bc & ac = C Sh wx non-var. 
Normal chromatids: Non C.O. = 432 = C sh wx 

Reg. 1+2 = 34 = I sh wx C.O. I to Sh = 5.8$ 
Reg. 3 = 134 = I Shwx * Sh to i/x - 22.4$ 
Reg. 2+3 = 1 = C Sh WX 

Total 601 



Table 22 

Dup. I Ds' Sh I3z Wx Wx Bz Sh Ds2 0 x C sh bz wx, ds ac d 
Norm. C sh bz wx 

Kernel type 4876A-1 48768-2 4876A-4 4876A-5 

480;.27 48Ok1 480:~11 480:-11 
Totsls 

I Sh ‘J/x 117 110 125 154 
(58 are 

506 
(52 I-C Bz-C bz) 

I - C Bz-C -bz) 

I Shwx 22 52 40 22 136 
(8 ; -C)Bz- (1; ,',",By - 

I sh wx 3 3 10 7 23 

C Sh Bz Xx 
(6 C :"z-C bz) 

49 71 29 181 

C sh bz :Vx 

C sh bz wx 

Odds 

0 

139 

0 

0 

128 

0 

0 0 0 

172 183 622 

0 0 0 

Totals 313 342 418 395 1468 

665 I : 803 C 687 Wx - 781 wx 823 Sh : 645 sh 



Supplement to Table 22 

;;i 1" 
I Ds Sh Bz Bz Sh Ds2 .._...*-..,. .,.. x _ I.. ._I. ,-1. ." ..L ". . ,_^ __.._- ..--.. -lllt-IIll wx * wx -,-"ll,a ..,.. )_l""^l-.,_ il 

C ds sh bz ._._. ---- .-_-I .- EL+-_-_ ____ - - 
Non-crossovers' 

Dup. I Sh Bz 'tix Wx Bz Sh Ds 

Nor. C ds sh bz wx 

Region 1 (I to Sh) 

Dup. C Sh I3z Xx iVx Bz Sh Ds2 

Nor. I sh bz wx 

Region 2 

Dup. C sh Bz 'dx Wx Bz Sh Ds 

Nor. I Sh ?3z wx 

Region 3 

Dup. C sh bz 'vvx Wx Bz Sh Ds 

Nor. I Ds Sh Bz wx 

Region 4 
Dup. C sh bz wx Yx Bz Sh Ds 

Nor. I Ds Sh Bz ;Jx 

C.O. I to Sh = 2.9% 

C.O. Sh to YJx - 17.5% 

= I Sh '8x 
= C sh bz wx 

= C Sh Bz Wx 
8s I sh.wx 

s C Sh 3132 six 

= IShwx 

= C Sh Bz Xx 

= IShwx 

- C Sh Bz T/x 
= I Sh 'r'Jx 

= 622 

= 23 

- 136 



C sh bz wx ds ac 0 x 

Table 23-a 
f.1. SC 

Dup. C sh bz %x Vfx Bz Sh Ds AC AC CT 
Norm. C sh bz wx prob. 

4898-l 

4803-19 4803-24 
Kernel'type 

489:.5. 489"s.1 
Totals 

C Sh BZ Nx not obv.var. 49 25 74 

C Bz - C bz, Sh, 'iVr-wx 68 40 108 

c sh bz wx not var. 13 5 18 

C sh bz wx 284 145 429 

Totals 414 215 629 

C.O. 
C ski bz -.----. ..- __.^_ -. ___-,..- .__.._ _ Wx b ‘fix Bz Sh Ds . . . .._... ._ _._c _ _ ------ _^_..__.I_ -.1..- .._. .,. o- & - 

_lll_-_ -- . _. ._.” “_ . . ~_. -“. < 
c sh bz wx -. - . 

--=----I _ 
Normal cnromosomes9: 

Fon-c.0. = 429 
C.O. m 18 = 4.03% 

Total - 447 



Table 23-b 

Dup. C sh bz '~Yx 'fJx Sh Bz Ds?- 9 x C sh bz wx, ds ac G" 

Norm. C sh bz wx 
AC AC 

Kernel type 4898-l x 4803-27 

C Sh Bz Yix* 139 

C sh bz 8x non-var. 2 

C sh bz wx 120 

Total 261 

* Variegation class not recorded because of AC AC 'condition 
in endosperm. 

F.0. 

..-. c sh_ .bz - df Bz Sh Ds .-. ." .!!.?c -,!!Ll_.__ ;.:r -___ *-_--,_ ._,. , ,... -.. .-- . .._ --. _ o- 
_._-.- ____ __-... ., ., _.. -___ .^...._.___ ~. - __-"_-- ..-- .--y,., 

C sh bz 

Kormal chromoeomej9: 

Non-crossover = 120 

C.O. s 2 - 

Total 122 

wx -‘. .-.-- 
CL 

1.63% 



Table 24-a 

C sh bz wx, ds ac 0 x Dup. C sh bz Vx Yx Bz Sh Ds2 Be AC d 
ICorm. C sh bz wx 

4898-3 

4804-2 
Kernel 

4804-18 
type 48:8-3 489:~3 Totals 

C Sh Bz Wx 
non-var. 

18 11 29 

C Bz - C bz, Sh, Wx-wx 78 81 159 

C sh bz fix 4 14 18 

C sh bz wx 206 357 563 

Totals 306 463 769 

C sh bz NX -4 XX Bz Sh Ds2 -l_l- .--. --_--- ..- __ I. _-.. -... .- . . .._. *---e-e ..,-- ---"-."--^ ._. _. . . _I..( ,. -.."_-.. --. A 
_x--_-___.^-.-_I _.-__- -.---. I- --.. .-. .._ 

C sh bz wx * ---.-I. _ .._ 
Normal chromosomes 9: '- -I. .Q.-. .-__,_ --. _ 

Non-crossovers = 563 

C.O. = 18 = 3.2% 

Total 581 



Table 24-b 

C sh bz Wx Wx Bz Sh Ds2 0 x C sh bz wx;ds ac ,d 

C sh bz wx 
AC AC 

4898-3 

Kertiel type 4898-3 x 4803-38 

C Sh Bz Wx* 

C sh bz ;'Jx non-var. 3 

C sh bz wx 63 

139 

* Variegation class not recorded because of AC AC consti- 
tution of endosperm. 

C.O. 

C sh bz WX 
& 

IX n -- 

C sh bz wx 

Normal chromosomesq: -_ . 
Non-crossovers = 63 

C.O. 

Total 

- 3 - 4.5% 

66 



Table 25-a 

DUP. C sh bz 8X VX BZ Sh DE?> AC AC 0 X C sh bz wx, ds ac d 
Norm. C sh bz wx 

4898-4 

Kernel type 4898-4 x 4804-14 

C Sh Bz Yx 

C sh bz Yx non-var. 

C sh bz wx 

24 

0 

12 

Totals 



Table 25-b 

C sh bz wx, ds ac 0 x Dup. C sh bz ifx Wx Bz Sh Ds 
a 

Norm. C sh bz wx AC AC d 

4898-4 

Kernel type 4803-18 x 4898-4 

C Sh Bz Gx not obv. var. 15 

c Bz - C bz, Sh, ;dx-wx 65 

C sh bz iT?x non-var. 6 

C sh bz wx 157 

C.O. 

C sh bz ViX b iVX Bz Sh Ds ---..- .F--,^-.I-_e” ._-__ ---."_---_a I_._. -__ .-.l-l_ ._." . -.-.-~--- - .._._. 
..“.- -__....... -, .._ . . ..I. l_.“l . . . _._,..” .___L.-___.... - _--___ -- 

C sh bz wx 
. . . . ‘(x 

.-I,. 
Non-c.o. in normal cm. class = 157 

'. *_ 

C.O. 6= 3.6% 

Total 163 



Table 26-a 

Dup. C sh bz Wx 7~1 Bz Sh Ds f.1. 
C sh bz wx, ds ac 9 x AC Ac d 

Norm. C Sh bz wx 4898-2 

~~-~- - 
Kernel type 4801-37 4803-28 4805B-22 488OC-2 

X X X X Totals 
4898-2 4898-2 4898-2 4898-2 

(tiller) 
C Sh Bz T?x 145 125 154 88 512 
(Majority obviously 
var. C Bz - C bz, 74x0wx) 

C Sh bz wx 
Non-var. 

C sh bz wx 67 

C sh bz Xx 
Non-var. 

C Sh bz VIx 
Non-va r. 

143 126 121 150 540 

2 

3 2 0 1 6 

68 

3 

75 64 274 

2 3 10 

Totals 360 324 352 306 1342 

512 Bz : 830 bz 



Gametes 

Stipplement to table 26-a 

produced by 4898-2 
\ a 

C Sh bz 

Non-crossover: 

Dup. C sh bz Jx Wx Bz Sh Ds 

Norm. C Sh bz wx 

Region 1 

Dup. C Sh bz Wx *Wx Bz Sh Ds 
Zorm. C sh bz wx 

Region 2 

Dup. C Sh bz wx iJx Bz Sh Ds 

Iform. C sh bz Wx 

Regions 1 + 2 

Dup. C sh bz wx iVx Bz Sh Ds 

Norm. C Sh bz iYx 

- C Bz - c bzJShjYx-wx 

= C Sh bz wx a 540 

= C Bz - C bz, Sh$Xx-wx 

* C sh bz wx = 274 

= C Bz - c bz>Sh,Wx-wx 

- C sh bz Wx (L 10 

- c Bz - C bz,Sh,tix-wx 

- C Sh bz i"Tx s 6 
Total * 830 

Cross-over percentages based upon the population of recovered 

normal chromosomes: 
Per cent 

Kernels crossing-over 
C. o. Region 1 274+6 - 280 = 33.7% 

C. o. Region 2 10+6 - 16 = 1.9% 
C. 0. Regs. 1+2 6 = 0.72% 



Table 26-b 

Dup. C sh bz Wx Wx Bz Sh Ds 
AC AC Q x C sh bz wx, ds ac d 

Norm. C Sh bz wx 

4898-2 

Kernel type 4898-2 x 4803-27 

C Sh Bz i"Jx 
(Some obviously variegated) 

180 

C Sh bz wx 120 

C sh bz Wx 3 

C sh bz wx 38 

Totals 341 

Summary - 180 Bz : 161 bz No selection against duplication 
183 Mx : 158 wx - chromosome'9 

\ a 
r--- ‘I * C sh bz h .-.-- -.-.1- -._--_._--_l__- 4x . Wx Bz Sh Ds I.._ .X._ I_-"._C _I.., ._. . . _ .._I 1, ,- ._t I.... _.~~ 

.*.a-..-,--.- -____ “__ .___ 

C Sh bz wx 
.--.. . . ..__ a 

C.0. region 1 - normal chromosome 
--.z 

with C sh bz wx = 38 - 11.1% 
C.O. region 2 = -normal chromosome with C sh bz Vx = 3 = 0.88% 



Table 26-c 

f.1. 
Yg c sh Bz wx, ds ac Q x Dup. C sh bz Xx Wx Bz Sh Ds Ac ac 6" 

Norm. C Sh bz wx 
4898-2 

Kernel type 4790-21 

48;8-2 

C Sh Hx with few small c wx spots 38 

C - c, Sh - sh, 'dx-wx 
(c areas wx) 

89 
. 

C Sh wx non-variegated 

C sh fix 

C sh wx non variegated 

2 

Totals 270 

Summary - 210 Sh : 60 sh 

129 wx : 141 wx 



Supplement to table 26-c 

---w--__G sh 
: 

ViX Hx Sh Dsfew late - -_- _.-~...I^.. _..-_ .~. . #-.-- 

C Sh 

Non-crossover chromatids 

Dup. C sh Wx Wx Sh Ds, Ac 

Norm. C Sh wx, Ac 

*C. o. Region 1 

Dup. C Sh 'JQx Wx Sh Ds, AC 

Norm. C sh'wx, AC 

(2.0. Region 2 
f- 1 

= C-c Sh Wx-wx 

- CShwx = 83 

- C-c Sh Ix-wx 
- Cshwx = 58 

Dup. C sh wx Wx Sh Ds"" ,Ac= C-c Sh wx-wx 

Norm. C sh Wx Ac - C sh Nx I 2 

Crossing-over percentages based on normal chromosomes - 

Total - 143 

Cross-overs, Region 1 = 58 - 40.596 
n n n 20 2s l&4 



Table 27-a 

Dup. C sh bz 'Jvx Wx Ba Sh Ds 
AC ac 9 x C sh bz wx, ds ac d 

Norm. C sh bz wx 

Kernel type 48776-7 4878D-2 4878D-5 

48:7-l 48&l 
Totals 

4804-11 

C Sh Be Wx 229 190 419 155 
(not classif. for var.) 

C sh bz Wx 2 2 4 0 

C sh bz wx 230 170 400 148 

Totals 461 362 023 303 



Table 27-b 

C sh bz wx, ds ao 9 x Dup. C sh bz Wx Wx 
Norm. C sh bz wx 

Bz Sh Ds AC ac 6 

Kernel type 

C Sh Bz Wx 
not obviously var. 

C Bz - C bz, Sh, Wx-wx 
(bz areas wx) 

C sh bz Wx 

C sh bz wx 

57 

35 

0 

239 

Totals 331 



Table 27-e 

G sh BZ wx, ds ac 9 x I)uP. C sh bz WX WX Sh Bz Ds AC ac 
Norm. C ah bz wx 

Kernel type 

C Sh Ix 
non-var. 

4785-11 4785-86 4785-24 4969-11 

4&C-5 4&7C-5 487&-6 487:D-6 
Totals 

51 67 92 57 267 

C-e, Sh, Wx-wx 
(a areas wx) 

38 60 59 35 192 

C shWx 
non-var. 

3 4 8 0 15 

C ah wx 278 230 200 239 947 

Totals 370 361 359 331 1421 



Table 27-d 

Dup..C shbzWxWrBzShDs 
AC ac, self-pollinated 

P&am. C sh bz wx 

g8lTi81 tm8 48770-4 4870D-6 Totals 

C Sh Bz Wx 351 362 713 
(not classified for var.) 

C sh bz Wx 6 4 10 

C sh bz wx 206 185 391 

Totals 563 851 1114 



Table 28 

Dup. c sh Bz Wx Wx 9z Sh Ds 0 x C sh bz wx, ds ac d 

Norm. C sh bz wx 
kc ac 

Kernel type 4878D-1 x 4804-U 

C Sh Bz -4Yx 
(not exam. for var.) 

166 

C sh bz wx 

C sh Bz dx, non-var. 

162 

1 (cross-over, region 2) 

C sh Bz wx, non-var. 2.7 (cross-avers, region 1 

Totals 356 

c s_h_...x- 
i _"... _..^._, _ _,- . ..- _.-..-"-. .__ - d.X i dx Bz Sh Ds -- -.-.. _-_, .^.. * __ ..-. X. 1 . ----- - ----_-_.. _ .__. 

.-- 
C sh bz wx ----A.- 

-Q-l 
Among C sh kernels = normal chromosome 9 

Non-C.O. = 162 

Reg. 1 = 27 = 14.246 
Reg. 2 = 1 = 0.52% 

Totals 190 



Table 29 

I Ds Sh Bz wx 
C sh bz wx AC ac 0 x C sh bz wx, ds ac d 

Kernel type 4877,%-l 4877k-6 

480;.1 48:7-l 
Totals 

I Sh* 
Not obviously var. 

113 25 138 

I Bz r C Bz - C bz, Sh 

I sh* 4 1 5 
Not obviously var. 

C Sh Bz 

C sh Bz 0 1 1 

1 

C sh bz 220 35 255 

Totals 

* Probably includes some I bz - C bz var. but bz areas 
not recognized in AC AC ac constitutions. 



Table 30 

C Sh Bz wx 
C sh bz wx 9 X Cshbzwxds,Acac d 

Kernel type 48773-l 48773-2 
48OkO 48:9-10 

Totals 

C Sh Bz, non-var. 217 193 410 

C ah Bz, non-var. 12 5 17 

C Sh bz 10 3' 13 

C shbz 230 193 423 

Totals 863 

C.O. Sh to Bz - 3.47% 



Table 31-a 

Plants from C Bz - C bz, Sh-sh, >ix-wX kernels of 4892 X C sh bz wx, ds ac d 

Dup. C sh bz I&ix Bz Sh Ds ac ac 0 --- 
Eorm.UA,bz wx, .- . ----a---. 

4892B-1 4892B-2 4892%3 4892B-5 4892C-1 4892C-3 
Kernel type 4E&-21 480:-21 4804X-21 480:.21 48:4-7 4804x-7 Totals 

C Sh Bz iVx 310 186 261 172 188 128 1245 
var. and non-var. 

C sh bz rYx 4 2 4 1 0 1 12 

C sh bz wx 334 205 253 132 216 117 1257 

Totals 648 393 518 305 404 246 2514 



Table 31-b 

c sh bz ypx, ds ac 9 x Dup. C sh bz ‘dX’/fX Bz Sh Ds AC ac d 
Norm. C sh bz wx 

4892 culture 

Kernel type 4804-7 4804-22 4801-30 4801-32 4804-28 4803-48 Totals Grand 
for 

48;2B-3 489&-l 489&-3 489&-3 489%-3 489%C-3 4892C-3. 
totals 

C Sh Bz iVx 
Non-var. 

26 64 34 47 40 29 150 240 

C Bz - C bz, Sh-sh, i;Jx-wx 35 46. 37 53 45 29 164 245 
(bz areas wx) 

C sh bz Wx 2 3 4 2 1 1 8 13 Non-var. . 

C sh bz wx 211 197 200 208 79 159 646 1054 

Totals 274 310 275 310 165 218 968 1552 



Table 31-c 

c sh Bz wx, ds ac 0 x Dup. C sh bz 'iVx Wx Bz Sh Ds ;ic ac d 
Norm. C sh bz wx 

Kernel type 4785-82 x 4892C-6 

C Sh 'i/x, non-var. 

C-c, Sh-sh, iYx-wx 
(c areas wx) 

32 

C sh tix, non-var. 

C sh wx, non-var. 197 

Total 



Table 32-a 

Norme C sh ‘bz wX Self-pollinated Norm. C sh bz wx 

Kernel type 4893-l 4893-3 
selfed selfed Totals 

c sh bz iVx, non-var. 129 90 219 

C sh bz wx 35 31 

Totals 121 285 



Table 32-b 

Norm. C sh bz Wx 
9 x Cshbzwx d 

Norm. C sh bz wx 

Kernel type 48921) 
X 

C sh bz Wx 

C sh bz wx 

Table 32-e 

C sh bz wx 0 x ' sh bz '= d 
c sh bz wx 

Kernel type 490X-6 

48:3-3 
C sh bz Wx 124 

C sh bz wx 138 

Totals 262 



Table 33-a 

C sh bz wx)ds ac 9 x Dup. C sh hz 'jyx Wx Bz Sh Ds 

Norm. c sh Bz wx normal 

AC ac 

Kernel type 4804-29 

4:96 
C Sh Bz Wx non-mm. 113 

C Bz - C bz, Sh, Wx-wx 

C sh Bz wx 

C sh bz Fix non-var. 0 

C sh bz wx 38 

Odds 0 

Totals 439 



Table 33-b 

Dup. C sh bz Wx Wx Bz Sh Ds 52 x C sh bz wx,ds ac d 
Norm. c sh Bz wx (normal) 

Kernel type 4896 x 4803-27 

C Sh Bz Wx non-var. 

C sh Bz wx 184 

C sh bz Tfx non-var. 3+ 

C sh bz wx 17 

Odds 0 

* 42 were clearly C Bz - C bz Sh %X-V= 
+ 2 probably not crossxwers but due to deficiency 



Supplement to?_table 33 

c sh 
. .__ “ . . .  -  .  . . _ . C .  

--------~-..--. ..-. -...-..q"J+ ,,^ Bz wx ds _ 

Iion-crossover gametes 

Dup. C sh bz Wx Ttx Bz 

Norm. c sh Bz wx ds 
(normal). 

\ ac - C Sh Bz -8x 
AC and ac - C sh Bz-,wx = 1:5 1:4 

Region 1 

Norm. C sh bz wx ds AC and ac - C sh bz wx - 38 17 

5 kernel appearance 

Sh Ds/ 
AC - C Bz - c bz, Sh, 'Nx-wx ,&w:Jil,s:q 

/ AC - ’ c Ez 
Dup. c sh Bz Wx Wx Bz Sh Ds 

- C bz, Sh, 7x-wx 
\ac - C Sh Bz Wx 

Region 2 

Norm. C sh bz Tryx ds AC and ac = C sh bz Yx w 0 1 
,Ac - c Hz 

prob. 
Dup. c sh Bz wx Wx Bz Sh Ds 

- C bz, Sh, Wx-wx 
\ac - C Sh Bz Wx 



Table 34 

C shbzwxJdsac 9 x lDsShBzwx AC ac d C ds Sh. bz Wx 

Kernel type 
4806-5 488OC-3 4806-5 

48x83~01 488&-l 48&A-2 
Totals 

I wx 72 76 80 
I Bz - c Bz -Cbz,wx 44 58 80 

C bz Wx 139 1'78 173 
I Wx 27 29 14 
C Bz wx 9 11 4 
C Bz - C bz, wx 1 3 2 
I bz - C bz, Wx-wx 3 4 2 
(bz areas kvx-wx) 

I Bz - C Bz - C bz,Wx-wx 21 
(bz areas Wx-wx) 

18 18 

C sh bz wx 

Others 
48 60 40 

2CBz- 1 trans- 1 trans- 
C bz,Wx-wx* posed Ds- posed DSP 

I Sh Bz Ds 1 C Sh bz, 
‘iiX-WX* 

228 
182 

490 

70 

24 

6 

9 

57 

148 
5 

Totals 366 438 415 1219 

* Probably from Ds mutation in div. to give sperm = loss of I 
but not Bz. 

C.C. I to Wx (excluding odds) - 25.8% 



Supplement to Table 34 

C sh bz wx ds ac 0 x I Ds Sh Bz wx AC ac d 
C ds Sh bz ~VX 

12 3 
I Ds Bz wx 
C ds bz Wx 

Non-crossovers 

, AC 
I Ds Bz wx \ 

- I Bz - C Bz - C bz, wx 

ac = I wx 
C ds bz Wx AC + ac = C bz Xx 

Region 1 

I ds bz 'Nx AC + ac = IWx 

/ Ac - C Bz 
c Ds Bz wx \ 

- C bz, wx 
ac =CBzwx 

Region 2 

I Ds bz Wx ( 
Ac - I bz - C bz, Xx+x 

ac - I Hx 
C ds Bz wx AC + ac = C Bz wx 

Region 3 

/ AC = I Bz - C Bz 
I Ds Bz -fJx \ 

- C bz, Y?x-wx = 
ac - I Nx 

C ds bz wx hc + ac - C Sh bz wx = 

182 

228 

490 

6" 

9 

57 

148 

Reg. 1 + 3 

I ds bz wx & + ac = I wx 
P 

C Ds bz 'rfx ( 
Ax= C i$ bz, uilx-wx 1 

' ac = C bz 'Xx 
Reg. 2 + 3 

/ Ac - I bz 
I Ds bz wx \ 

- C bz, wx 
ac = I wx 

C ds Bz illx AC + ac - C Bz 1dx P 0 
* Several of these probably from germinal losses of I in an 

I Ds Sh Bz wx chromosome. 
Max. c.0. Reg. 1 = 2% 



Table 35 

C sh bz wx ds ac 9 x ' Ds Sh Bz wx AC ac d (4883~) 
C ds Sh bz Jx 

or 
C Ds Sh Bz wx 

AC ac d (4883C) 
c ds Sh bz ;'bx 

Kernel type 
4804-13 4804-27 4801-l 4803-31 4806-2 

48:3B 48:3B 488X3C 48tf3C 488X3C 
TotalE 

C Bz VVX 12 25 16 14 Not obviously 17 84 
var. 

C Bz - C 15 (bz areas bz, Wx-wx 18 i"Jx-wx) 25 13 16 87 

C Bz wx 
Not obviously var. 

61 70 81 56 50 318 

C Bz - C bz, wx 60 57 51 44 39 251 
C bz, 'Jix non-var. 123 158 119 124 122 646 
C bz, Xx-wx 4 3 5 4 5 21 
C bz wx 33 52 29 22 29 165 
Odds 0 0 2Csh 0 0 2 

Be wx 

Totals 

Summary (minus odds) 

308 383 328 277 278 1574 

740 Bz : 832 bz 
838 ‘dvx : 734 wx 

Reduced numbers of' Rz and wx due to: 

Ds mutations in d parent giving deficient chromosome 9 



Supplement to table 35 
Gmetes of 4883B and C 

12 
D2 Bz*wx AC ac 

Gametes Kernel type 
Ds Bz wx ' AC - C Bz - C bz, wx = 251 

\ ac =CBzwx = 318 
ds bz rJx Ac + ac = C bz Wx = 646 
Region 1 

Ds bz Nx < 
AC - C bz, Hx-wx* * 21 
ac = C bz iix 

ds Bz wx Bc + ac = C Bz wx 

Region 2 

Ds Bz Wx < 
AC - c Bz - C bz, iix-wx*= 87 

? 
ac = C Bz ;;'x Total 336 = 21.3% 

ds bz wx AC + ac ' = C bz wx 

* 
i’tTx-wx from breakage-fusion-bridge cycles follOWing a Ds mutation 
giving a dicentric chromatid. 

Crossing-over Ds to Bz = 5.2$ 
Bz co ;"lx = 2l.sp 

Based on var. kernels 
Ijon C.O. = 251 

Ds to ?ix = 26.5s Reg. 1 = 21 = 5.8 
Reg. 2 = 87 = 24.2 

Total 359 



Table 36 

c sh Bz wxJds a6 0 C Ds Sh Sz wx Bc ac d 
C ds Sh bz ?Jx 

Kernel type 4785-21 4787-13 

488;B 48:3B 
Totals 

C Sh j;rx non-var. 128 142 270 

C-c, Sh-sh, Jx-wx 
(c areas ;fx-wx) 

20 18 38 

C Sh wx non-var. 88 97 185 

C-c Sh-sh wx 47 40 87 

Odds 1 colorless Sh-sh, 1 c sh wx 2 
wx-wx 

Totals 284 298 582 

308 dx : 272 wx (minus odds). Reduction in wx class due to 
Ds mutations in sporophyte of d eliminating the C Ds Sh Rz wx 
chromosome because of deficiency formation. 

30.4% crossing-over Ds to r;Tx 



Supplement to table 36 

Gametes fomed by 4883B 

C Ds wx 
-4 ac 

C ds Tix 

Ron-crossover 

CDswx( 
AC = C-c, wx = 87 

aC = c wx 
c ds ilx AC + ac - C Xx 

Crossovers 

C Ds Gx' 
AC = C-c, i?x-wx = 38 = 30.4% of variebgated 

kernels 
\ ac = c /ix Crossing-over Ds to Jx 

C ds wx LIC + ac = C wx 



Table 37 

c sh wx ds ac 9 x C Ds Sh wx ,rc ac c; 

c ds 3h Ax 

Kernel type 4787-20 4786-74 

48:3C 48:3C 
Totals 

tiller main stalk 

C Sh Jx non-var. 15 25 40 

c-c, s-l, dx-wx 
(c areas ,ix-wx) 

18 11 29 

C E;h wx non-Tar. 49 61 110 

C-C, Sh wx 

c Sh .Jx non-vu. 

37 

77 

32 69 

111 188 

c Sh wx 31 34 65 

Totsls 227 274 501 

248 C : 253 c 

257 A'x : 244 wx 

29.4% crossing-over Ds to Ax 



Supplement to table 37 

Gametes from 4883C 

Non cross-over 

1 2 

C Ds wx 

C ds - dX 

/ Ac - C-c wx - 69 
CDswx \ 

ac -cwx = 110 
c ds;ix AC + ac * c ax - 188 

Region 1 

C ds Wx AC + ac - C -tix 

c Ds wx < 
AC * C, Sh-sh, wx (difficult to classify) 
aC -cShwx 

Region 2 

C Ds ;rJx ' 
AC = c-c, #ix-wx = 29 - 29.45 of C-c kernels 

\ ac - c 3vx about same as distance between 
c + ax = c ds wx AC + ac - c Sh & 134 gamntt3~ in 501= ff 

l I 



Case I 

Table 38 

c sh Bz wx ds ac 9 x C Ds Sh Bz wx uc ac d 
C ds sh bz wx 

4969-15 4785-23 4786-112 4785-8 $79342 
Kernel type 4i84 X 

4884 
X X X Totals 

4884 488'713 489OC-1 

C Sh 131 96 63 89 104 483 

C -G, Sh-sh 86 85 96 80 102 449 

197 141 192 911 

C-c sh 1 7 4 5 4 21 

Odds 
1 C-c Sh 1 colorless 

0 transp. Ds Shwx* 0 0 6 
1 colorless Sh* 1 pet. 
2cshwx C-c def. 

Totals 425 389 306 366 384 1870 

449 C-c Sh : 21 C-c sh = 4.5% crossing over Ds to Sh 

* Due to loss of C in sperm from Ds mutation probably. 



Table 39 

RQ t-k----- c sh Xx 

c sh Nx or c Sh wx ~.-- e--+----' ---6 A 
2' 

.- Act ac 
Ds Sh wx 

Kernel type 4793-17 4793-13 4793-14 4792-6 4793-7 

4;82 48;OD-1 489:D-1 48:OD-2 48:0D-2 
Totals 

C non-Par, 60 98 108 102 57 

C-c, var. 65 68 94 92 85 

C 131 191 189 202 139 

Odds 0 0 

425 

404 

852 

0 1 1 c, Sh-sh, A 
WX” 

Totals 256 357 391 396 282 1682 

* Probably from loss of C throu,Th Ds mutation leaving Sh in 
chromosome with broken end. 
bridge cycle. 

Sh-sh due to breakage-fusion- 



Table 40 

c sh wx ds ac 0 x c sh iix Fe e--+-e---- 
*- -.+ .__ 

C Ds Sh wx 

AC ac 63 

Kernel type 4786-52 x 4882 

C Sh wx non-var. 80 

C-c, Sh wx 63 

C-c, sh, ;iJx-wx 
(c areas Jx-wx) 

1 

c sh 3x 177 

c Sh wx 1 

c sh wx 3 

Totals 325 



Table 41 

c Sh wx c sh wx ds ac 9 x. 0 : ; Ac ac d 
l -.---+--. - 

C Ds Sh wx 

Kernel type 4785-4 x 48900-l 

C Sh wx non-var. 35 

c-c, Sh wx 

c Sh wx 

32 

Totals 147 



Transposed Ds 4620 

Table 42 

C sh bz wx ds ac Q x I Ds Sh Bz iVx 
AC ac d 

C ds sh bz ti 

5402-9 5402-10 5402-12 5402-14 5402-17 5403-67 5401-68 5403-71 5401-l 5403-10 
Kernel Type 

549:~1 549:-l 549;-3 549:-3 549:-3 549:-5 549k5 549:-5 54:2-6 54:2-6 

I Sh 7?x 

I-C Bi-C bz, Sh-sh 
wx-wx 

I Sh wx 

I-C Bz-C bz-Sh wx 

I bz-C bz.Sh wx 

I sh wx 

I bz-C bz.sh wx 

C Sh Bz Hx 

C Bz-C bz,Sh Xx-wx 

C sh Bz Wx 

C sh bz .Xx 

C sh bz wx 

C Sh Bz wx 

Odds 

49 51 

40 42 

i 13 15 Bz 
L 

15 20 Bz 

13 17 

1 0 

4 2 

7 1 

2 8 

0 2 

3 4 

27 25 

85 71 

1 1 

0 1 C sh 
Bz wx 

89 

71 

12 Bz 
14 

12 

1 

4 

4 

6 

2 

6 

37 

132 

0 

0 

78 

76 

21 

14 

6 

10 

2 

16 

0 

6 

43 

116 

1 

1 C sh 
Bz wx 

79 

76 

14 BZ 
15 

16 

1 

7 

5 

9 

2 

8 

47 

166 

1 

1 

59 53 

84 62 

25 Bz 19 Bz 
34 20 

27 30 

3 1 

5 6 

9 6 

17 14 

2 0 

7 7 

84 75 

147 126 

2 3 

1 I sh 1 C Bz-C 

74 46 69 

86 53 80 

29 Bz 19 Bz 17 Bz 
42 28 29 

36 29 23 

2 1 0 

11 4 9 

7 5 2 

14 12 14 

1 1 2 

6 5 13 

69 47 75 

145 97 156 

0 0 0 

bz 0 2 I sh 1 C Sh 
WX Sh, wx 

1 I sh :Vx 
1 C sh Sz wx 

wx bz Ix 
1 I sh 

WX 



5400-20 5400-23 5400-50 5403-15 54043-25 
X X X X X Totals 

5494A-1 5494A-1 5494A-2 5494A-2 54948-2 

56 85 36 

49 76 61 

18 Bz 21 Bz 
16 24 22 

18 19 24 

2 2 3 

3 4 2 

2 3 7 

4 3 6 

0 1 0 

5 2 2 

24 60 47 

101 158 138 

1 0 1 

.48 

85 

Ml; 

17 

1 

2 

4 

1 

1 

4 

34 

96 

0 

; ; ;k ;; 2 I sh Nx 1 I bz- 0 
c bz 

wx sh Wx-wx 

59 931 

76 1017 

5 Bz 
6 

17 

2 

4 

3 

11 

0 

5 

44 

141 

1 

2 I sh'Nx 
(1 var.) 

321 

312 

26 

77 

67 

137 

14 

83 

738 

1875 

12 

C sh Bz w: 
I sh'Nx 



Transposed Ds 4628 

Table 43 

c shazwx,dsac9 x I Ds Sh Bz THx 
C ds sh bz wx *' ac d 

Kernel Type 
5392-68 5392-13 5393-9 5392-23 5392-45 5392-37 5393-3 5392-36 5392-53 

549%1 549;-3 54:2-5 549;-5 549:-6 54:4*(l) 54&(2) 549:A-2 549:A-2 
Totals 

Colorless Sh 'Nx 82 70 55 49 54 53 22 55 70 510 
Colorless Sh, Wx-wx 80 67 54 51 42 51 29 85 81 540 

Colorless Sh wx 53 31 49 41 47 47 6 48 32 354 
Colorless sh wx 7 9 9 11 17 6 1 7 5 72 
c sh ivx 11 7 18 14 11 8 3 7 2 81 
C-c,Sh.Wx-wx 0 1 4 0 1 0 0 1 0 7 
(c areas 'Nx-wx) 
C sh 'Xx, non-var. 54 42 80 65 52 40 10 59 53 455 

C sh wx, non-var. 143 122 96 110 120 112 46 105 153 1007 

Colorless sh Xx 0 0 1 0 0 0 0 2 3 
Colorless sh.Ix-wx 2 1 0 0 0 1 0 0 0 4 

odds 0 0 0 1 C Shwx 0 1 c-c Sh wx 0 
Ds to left 

of c 
0 0 2 

Totals 432 350 366 342 344 319 117 367 398 3035 



Supplement to table 43 
(l)(2)@) 

I 
C ds sh wx 

Non-crossovers 
,.,d AC = colorless Sh-sh, iilx-wx 

I Ds Sh Wx LX;,"" -..-._, i 
'--% N-1- ac m color;ess Sh Y& 

C ds sh wx, Ao and ac = Csh wx, non-var. 

540 

510 
1007 

Region 1 

I sh wx, AC and ac = colorless sh wx,, 

c ~~ sh vx ___- --.--- ----' AC = *C-c, Sh7Fx-m (c‘&eas igx-wx) 7 
----- ---+ ac = C Sh Mx, non-varo \j~.. 

'). i'-.\. ‘k, 
\ -.,.. .I 

Region 2 '.." 'L. 
'I/ 

I Ds sh wx, AC atid ac = colorless sh wx ." .? 72 

(! ds Sh WX tic and ai = C Sh ?ix, non-var, 81 

Region 3 
I Ds Sh wx Ac and ac = colorless Sh wx (AC = Sh-sh var.) 354 . 

c ds sh Wx AC and ac - C sh Ix, non-var. .- "' 455 

Crossing over, regions 1 + 2 - 160 - 5.2$ 

n tt region 1 = 7x4 - 28 = O,$$ 
n tt region 1, C class = 14 
a n region 2, C class = 75 


